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METHOD OF DNA SHUFFLING WITH ^^OT^V^ 
B V BLOCKING 0 R INTERRUPTING A SYNTHESIS OR AMPLIFICATION 

PROCESS 



ihp Invention 

:lc,J, to v, a a ^« involving ^ o, in.e^n. » ^ « 

lp„ tot ion process wiU, » ™>'«* « ^ ^ 

p^U*, , To™ « on, „»« pW* - — " ™- 
,. polcci to for *, P^cion of , ^ ****** — • »~~ ~ M 

properly. 

rwri ption of theR ejate^Afl 

' , - -u;i; T ^c rvkt for numoseful and random 

An exceedingly large number oi possibility exist torpurp 

colons ofan.no acids a p:o,in ,o produce useful mutant protems and , me,r 

I S ^ponding biological molecules encod.ng for the mutant proteins, i.e.. DNA. RN*. 
* clc According there is a need to produce and screen a wide variety of such mutant 
proteins for a useful utility, parucuhr.y widely varying random proteins. 

^ following general discussion of P rotcin and polynucleotide fields may be 
h-hful in further understanding the background for the present invention. 
, 0 ' The complexity of an active sequence of a b.olog.cal macromolecule. e.g.. 

proteins DNA etc.. has been called its information content ("IC"; 5-9), wh,ch has been 
denned' as the resistance of the active protein to amino acid sequence vanat.cn 
(calculated from the minimum number of nvanablc amino acids (bits)) required to 
describe a family of related sequences with the same function. Proteins that are more 
-5 sensitive to random mutagenesis have z high information content. 

• Molecular biology developments such as molecular libraries have allowed the 
identification of quite a large number of viable bases, and even provide ways to select 
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««. (a , lh „ ueh Iypica% „ 01 „, „ the _ iimt) dcpendi m 

*= oomex, Tta, whiie . ,„„ mim acid pr0 , ein > • *■*» 

— ion, 20 » connbinanons „f muIallons ar; possib]E ™* -° 00 *<*™ 

* W ™ a,i0nde " SI '' is " h ''"f»™>-Co„, e , ! , perl ,„ i , l „ Btl , ora 

Ac„v C s,, eS of enz> ™ estendtc , n;lvCilh . ""I""™* 

!;„k„<„ f ;„ r . . "'6« intonnanon densi.y. By comn.il. flexible 

° f '" f °"™'°" enzymes have a low i„f onMlio „ dc „ !jty 

Curren, m =, hods ,„ widcsp „ ad us; f „ 

o mal „ ecmr , ronc ^ chai „ racMns ^ casseiic mw ^ 

Error-prone PCR uses low-fldclitv n 0 lv^... ; , rhn rft .. . 

low level nf n - ^conditions to introduce a 

level of point mutations randomly over a Ion? r n • 

15 nf.^L '^bS^j-ncc. in a mixture of fragments 

5 ° f UnWn sequcr.ee. error-prone PCR can be us- ■ 

nubile mutagemzc the mixture. The 

Pubhshed error-prone PCR protocols suffer from a io , processivi , y - . 

Wore, the p^oco, is unablc to result in lhe , ndo , ^ ^ 

f , Pn . ^ ■ . --'^m mutagenesis of an avsrace-sized 

20 — *. — .= Mock c, ln5!S lha; u^rr ,o ° B,aauai ,o 

-*»— * on* ^ ^ ,„ ; ; ; ; 7 Mls do ro ' — * 

" immuno S5 „ici,y bu ,„ 0 , itsbindinglffin . j '"'"'^ > Pain's 

in ol.gonudcotitk-cirected mulac-ne. ,. , 

— ci.on^o,,. ; qu ^ - »» • 

» *« va S , sequcncc lenBth msans ta mMv ^ c .-; '■■» "J «*. 

- — ^ Wllh Mlhcl ; . ;; s « - 

J.ot.dcs requ.rcs sequencing 
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of individual clones after each selection round followed by grouping them into families, 
arbitrarily choosing a single family, and reducing it to a consensus motif. Such motif is 
resynthesized and reinserted into a single gene followed by additional selection. This 
step process constitutes a statistical bottleneck, is labor intensive, and is not practical for 

5 many rounds of mutagenesis. 

nrror-prone PCR and oligonucleotide-dirccted mutagenesis are thus useful 
for single cycles of sequence fine tuning, but rapidly become too limiting when they are 
applied for multiple cycles. 

Another serious limitation of error-prone PCR is that the rate of down- 
10 mutations grows with the information content of the sequence. As the information 
content, library size, and mutagenesis rate increase, the balance of down-mutations to up- 
mutauons will statistically prevent the selection of further improvements (statistical 
ceiling). 

In cassette mutagenesis, a sequence block of a single template is typically 
15 replaced by a (partially) randomized sequence Therefore, the maximum information 
content that can be obtained is statistically limited by the number of random sequences 
(i.e.. library size). This eliminates other sequence families which arc not currently best, 
but which may have greater long term potential. 

Also, mutagenesis with synthetic oligonucleotides requires sequencing of 
20 individual clones after each selection round. Thus, such an approach is tedious and 
impractical for many rounds of mutagenesis. 

Thus, error-prone PCR and cassette mutagenesis are best suited, and have 
been widely used, for fine-tuning areas of comparatively low information content. One 
apparent exception is the selection of an RNA ligase ribozyme from a random library 
25 using many rounds of amplification by error-prone PCR and selection. 

It is becoming increasingly clear that the tools for the design of recombinant 
linear biological sequences such as protein, RNA and DNA are not as powerful as the 
tools nature has developed. Finding better and better mutants depends on searching more 
and more sequences within larger and larger libraries, and requiring increased numbers 
30 of cycles of mutagenic amplification and selection. However as discussed above, the 
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existing mutagenesis methods that are in widespread use have distinct limitations when 
used for repeated cycles. 

In nature the evolution of most organisms occurs by natural selection and 
sexual reproduction. Sexual reproduction ensures mixing and combining of the genes 
5 in the offspring of the selected individuals. During me.osis, homologous chromosomes 
from the parents line up with one another and cross-over pan way along their length, thus 
randomly swapping genetic material. Such swappmg or shuffling of the DNA allows 
organisms to evolve more rapidly. 

In sexual recombination, because the inscned sequences were of proven 
10 utility in a homologous environment, the i„ serted scquences ar£ , ike|y [Q ^ ^ 
substantial information content once they arc inscned into the new sequence. 

Marton e, al. describes the use of PGR /* vi!ro t0 monitor recombination in 
a plasrmd having directly repeated sequences. Mane, al . discIose tha[ recombmat|0n 
u,„ occur dunng PGR as a result of breaking or n-,,,, o[[he DNA . Th , s „.„ gjve ^ 
<° recombinant molecules. Meyerhans el a!. ai3 , Clsclosc the ex , slenc= Qf DNA 
recombination during in vitro PCR. 

The term Applied Molecular Evolution ("AMP") mrm- rh r • 

1 ) m can> the application of an 

= vo!u„o nary d«i s „ algorilllrn , 0 , sp=cifl; ^ gM| Wh . 1= 

ame ha ™ u m ,. pm « for P „,, u;lt0iidcs , ^ and pro , cins • 

- ..o.ia.a fo. retombntwoi. bv random 
cross-overs ,o deliberately creare a conbSnrarol iiorary. 

Theorericailv , h e, « 2,000 diift™ ^ MM1! „ r „ ,„„ ^ ^ 
Fro,,, However, a proreir, ,00 «*» acds has 20- po s s ,b,e o„r„bina,,.r,s „ 
a „ um „er ^ „ ,00 ^ ,„ e^aus, ve,v „ plore by ^ 

^ II would be advantageous to develop a syste-n whi-h wn , w n 

H X nU:1 vvouId a 'low generation and 

screening of all of these possible combination mu !2 :i 0 .,s. 

Some workers in the an have utilized -. c -, 

sv „» m , k . ,. " ■"■ 51 'specific recombination 

system to combine ligm chain antibody c -n^ h-- 

7 h ! '--y chain antibody cencs for 

expression in a phage system. However, the, rcll> , r 

in s^..,n relics on specific sites of 

3 0 recomb.nat.on and is limited accordingly Sirr,|.^ r .- , . 

ig'>. ^im,ik 3 ...o,„ mutagenesis of antibody CDR 
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regions in single chain antibodies (scFv) by overlapping extension and PCR have been 
reported. 

Others have described a method for generating a large population of multiple 
mutants using random in vivo recombination. However, their method requires the 
5 recombination of two different libraries of plasmids. each library having a different 
selectable marker. Thus, their method is limited to a finite number of recombinations 
equal to the number of selectable markers existing, and produces a concomitant linear 
increase in the number of marker genes linked to the selected scquence(s). 

in vivo recombination between two homologous but truncated insect-toxin 
10 genes on a plasmid have been reported as also being capable of producing a hybrid gene. 
The in vivo recombination of substantially m-smatched DNA sequences in a host cell 
having defective mismatch repair enzymes, resulting in hybrid molecule formation has 
been reported. 

As discussed above, prior methods for producing random proteins from 
15 randomized genetic material have met with limited success. Perhaps the best method, 
thus far. for producing and screening a wide variety of random proteins is a method 
which utilizes enzymes to cleave (chop) a long nucleotide chain into shorter pieces 
followed by procedures to separate the chnpping agents from the genetic material and 
procedures to amplify (multiply the cop.es of) the remaining genetic material in a manner 
ZD that allows the annealing of the polynucleotides back into chains (either purposefully or 
randomly put them back together). 

A drawback to this method is the expense and inconvenience of utilizing 
biological enzymes to chop up the genetic material, which are then separated from the 
genetic material prior to the amplification step. Further, depending upon the particular 
25 genetic matenal, different concentrations of the chopping agents are required to produce 
the desired fragments. Moreover, the control mechanisms required for biological 

enzymes are not trivial. 

Accordingly, there is a need in the art for producing an improved method of 
obtaining truly random pieces of genetic material for reassembly to produce random 
30 proteins which may be screened for a particular use. The need to produce large libraries 
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of widely varying mutant nucleic acid sequences is an important goal. Hence, it would 
be advantageous to develop such a method Tor the production of mutant proteins which 
allows for the development of large libraries of mutant nucleic acid sequences which are 
easily searched. There is a need to develop such a method which allows for the 

5 production of large libraries of mutant DNA, RNA or proteins and the selection of 
particular mutants for a desired goal. 

The invention described herein is directed to the use of repeated cycles of 
mutagenesis, recombination and selection which allow for the directed molecular 
evolution of highly complex linear sequences, such as DNA, RNA or proteins thorough 

0 recombination. It uses repeated cycles of random points mutagenesis, nucleic acid 
shuffling and selection which allow for the directed molecular evolution in vitro of 
highly complex linear sequences, such as proteins through random recombination. 

SUMMARY OF THE FN VENTION 

The present invention is directed to a method fur generating a selected mutant 
5 polynucleotide sequence (or a population of selected polynucleotide sequences) typically 
in the form of amplified and/or cloned polynucleotides, whereby the selected polynucleo- 
tide sequenccs(s) possess at least one desired phenotypic characteristic (e.g., encodes a 
polypeptide, promotes transcription of linked polynucleotides, binds a protein, and the 
tike) which can be selected for. One method for identifying mutant polypeptides that 
) possess a desired structure or functional property, such as binding to a predetermined 
biological macromolccule (e.g., a receptor), involves the screening of a large library of 
polypeptides for individual library members which possess the desired structure or 
functional property conferred by the amino acid sequence of the polypeptide. 

In one embodiment, the present invention provides a method for generating 
) libraries of displayed polypeptides or displayed antibodies suitable for affinity interaction 
screening or phenotypic screening. The method comprises (1 ) obtaining a first plurality 
of selected library members comprising a displayed polypeptide or displayed antibody 
and an associated polynucleotide encoding said displayed polypeptide or displayed 
antibody, and obtaining said associated polynucleotides or copies thereof wherein said 
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• « , region of substantially identical sequences, 
a— ^decides c„ mP n ^ „ ^ 0) pool ,„ e »e 

-«-"-" irod " ci " 8mu :';; :::: « » 

polynucleotides or copies, <J) P b amp lif,cation 

U is a particularly preferred object ot 

-,h , means for blockin S or intcrrupung tlx 

^lificauo,, o, synlhesis pioce„ and vt , ;ous 513e „ of 

po , y „udeo.ito due CO th= «pl.«"0" °< ^' r "' ClC ° 

completion; . , doublc-strandcd 

,M addmE 10 'he tcsulan. population 0! single 
5 (> , i H , s .p„dcdolieon U cleo,idcs,wto"'»id 

p0 , yn0C ,c.„de S on, o, naona sing,- - do. «, - d ^ „ «c . 

P ' • , hv at l-ast one ofs.id polynucleotide pools, 

chain; 

(C ) optionally repealing steps (c) and (d); 



20 to 

o 
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(0 expressing at least one mutan, polypeptide from said polynucleotide 

cham, or chains; and 

(g) screening said a, leas, one mdtan, polypeptide for, usefirl aoiviry 
In a preferred aspec, of ,„c i„v 5 „, io „, , hc means for blocki „ 8 .„ 
he am p „r,ea t ,„n „ r synlhtsis proc; „ , fcy ^ ^ ^ ^ 

b,nd,„ g pro.cins. P refmb „, ,„ e DNA addnc, i s a mcmber sclecled from 

consisting of: b H 

UV ngh,; (+) .CC,0 6 5; WCCOoa.^Adeninc); a N.acelyla.ed or declared 4, 
u^.am.nobipncn,, adduc, capab.e of W„„i„g DNA syndesis, ora N-acc*,a,ed or 
de,cc, y ,a,ed 4.ami„„ b ip h c„y, adduc, eap a „,= of inciting DNA syn.nesi, , rivalent 
chrom.om; a .rivalen, chromium M „, a p„,y C) , lic aromaIic ¥ „ ta 

^d u c,ca P , b ,eofi„, b i,i ng DNArep,ica,i„„, uchas , bromomcIhy ,. beTOWM , taccn5 
BMA X .r, S (2. 3 .di b ,„ mopropyl)phosp| , a , l . fTris . 3? .. ) Wbm 

.5 rBPDP-! : b '° mkm 0BA) - ^i^, 7, S .dihyd r odio,.9,0.ep„,i d = 
( ): « P>al-m(„» halogen S a„, N-h i d,„« ) , 2 .am,no.3.mc,hylimidazoI4 5./, 

^no.ine rN.hydr„, y , Q -, and N.„.vd TOy .2-, ml „„. , „ W[ „, li „ ito() " 

pyridine ("N-hydroxy-PhlP"). ' 

Especially preferred members from .he grouping consist of UV ligh, ( + )-CC 
1065 and ( + )-CC-I065-(iN'3-Adeninc). 

In one embodimen, of U,e inven.ion. <„e DNA addnc.s. or polvaedeoiidcs 
ceasing ,be DNA addac.s. arc rented from lhc pol ,, udco , ldcs „ p ^ Mt 

pool, such as by a process including hca:in° tV sn'minn -« •■ u~ 

t, t.v so.ution comprising the DNA fragments 

prior to further processing. 



25 



, . PrcSent inVemi ° n rdates 10 a " <nhar.ced method of DNA "shuffling " 

wh 1C h may be referred to as "Sexual PCR " In , ^...-^ . ,. 

^iv in a p..i L ,.ed embodiment of the present 
invention, amplified or cloned polvmiclcoH-s * > ■ , 

poi.vnuucot._s po,,c.ss;ng a desired characteristic (for 

TT T° d '" e " P ° l>TtP " d= ° f ,m!rCS '' «> C* -rce„,„g of a bbrar, 

of po,y™c,eo,,dc s , for example, and pooled The pooicd p.,^^ ( „ Icas , 0 „ e 
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, , be subiec.cd «o random a, least one of random prime, ^tension 
polynucleotide) may be subjected rf |)b 

, „ M p C R amplification usmg random printers to muluply 
rocttons. or PCK amp various stages along the completion of the PCR 

pol y„„c,eo,ide o, polynucleot.des. ^ ^ 

These collect n f / h whicn ma y be intended again. Such 

is0 , aK d o, collectively amphfied furth.r b> of 

producing.-., — - £^ ^ ^ with the longer 

,;o„ of polynucleotides within the poc. „ g ^.y^ing 

Such a process prov.des an .... ^ 

l0 „ 1S same random select, ^ ^ [milom 

- ^°' 5ma " CrP ° ; " procedures standard in the a, 
polynucleotides may be proved b, ^ ^ ^ ^ ^ which ha „ „ T s ,„w 

lhs PCR process have be, ,.«« ^ , s „ examp ,= permimng 

he obtained) a monoclonal ant,bod> ^ctt, for ^ ^ 

■ nnWnuclcotide chains comprising trw uinm au 
„ efficient scparauon of pol>n poly „ ude „,idcs wh.ch 

„mov a , of the adducts whtch nav b » ^ 

— fPretai " 6af :r^t:; : p o,;lo„de pool depends u P o„ the 
adducl is to be removed o. Wt 1 
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composition of the adduct itself and the immediate goal of that amplification process 
step. 

In a preferred embodiment, the polynucleotides produced by interrupting the 
PCR amplification (and optionally subsequent amplification of the said polynucleotides 
5 to produce further randomization under conditions suitable for PCR amplifications) are 
recombincd to form a shuffled pool of recombined polynucleotides, whereby a 
substantial fraction (e.g., greater than 10 percent) of the recombincd polynucleotides of 
said shuffled pool were not present in the first plurality of selected library members, said 
Shuffled pool providing a library of displayed polypeptides or displayed antibodies 
10 suitable for affinity interaction screening. 

Optionally, the method comprises the additional step of screening the library 
members of the shuffled pool to identify individual shuffled library members having the 
ability to bind or otherwise interact (e.g., such as catalytic antibodies) with a prcdetcr- 
mined macromolecule, such a* for example a protemaccous receptor, peptide oligosac- 
15 charide, viron, or other predetermined compound or structure. 

The displayed polypeptides, antibod.es, peptidomimctic antibodies, and 
variable region sequences that are identified from such libraries can be used for 
therapeutic, diagnostic, research and related purposes (e.g., catalysts, solutes for 
increasing osmolarity of an aqueous solution, and the like), and/or can be subjected to 
20 one or more additional cycles of shuffling and/or affinity selection. The method can be 
modified such that the step of selecting for a pheno.ypic characteristic can be other than 
of binding affinity for a predetermined molecule (e.g., for catalytic activity, stability 
oxidation resistance, drug resistance, or detectable phenotype conferred upon a host cell). 

In one embodiment, the first plurality of selected library members is 
25 polynucleotides is produced and homologously rccombined by PCR /„ vi ,ro, the resultant 
polynucleotides are transferred into a host cell or organism via a transfemng means and 
homologously recombined to form shuffled library members in vivo. 

In one embodiment, the first plurality of selected library members is cloned 
or amplified on episomally replicable vectors, a multiplicity of said vectors is transferred 
30 into a cell and homologously rccombined to form shuffled library members in vivo. 
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to enhance combinatorial diversity. 

p, effi „, ,„vc„ U o„ p,ov,d e s . „K,hod for 8 c„-,„ g I*™- of**** 

»^;nn The method comprises (1) 

associated polynucleotide encoding fo: said cisp.ay 

•n -^ntinl v>ri-«bi- rceion framework sequence, and UJ 
15 comorise a reaion of substantially identical ...... o.~ rcgi 

" , • . rt ,, or sma .|~ polynucleotides wilh sa!d associated 
pooling and producing shorter or sma.i.. po > 

■ - noivnuc^otid-s under conditions suitaole for 1 CR 
polynucleotides or cop.es to tonnpobnuc.-otiu-sun 

P , • . i.- prr pcR amplification and thereby homologously 

amplification bv slowing or halting i.k amp 

■„ h rt , r o- small- polynucleotides to form a shuffled pool of 
recombining said shorter o. small., do y -^hvihe 
., - •, c v...m„ (1 o00 . CDR combinations comprised bv the 
-0 r-combined polynucleotides ot sa.d sh^.r-d poo>. 

. in ^ plurality of selected library members, said 

shuffled oool arc noi pixsav. in u.~ v 

P o,„ ^ . ^ CDR pcmu ; a " on 

and ^ ro, ^ — «. - p- — 

F ll, ,He ^ of se.eccd, „^0 «- b e MM - 

i . , nnn „. cl „, 0 , « desired until library members having a 
itcrativcly, from 1 to about 1000 c.,cus o. .s o 

desired binding affinity are obtained. 

, r . n =..->i invention provides a method ior 

According one aspect o. P-- s - nl mvem 

m ,„ nns ip , 0 , template double-stranded polynucleotide. 

30 introducing one or more mutations m.o - 



- WO 98/01581 



PCT/US97/12239 



- 12 - 

wherein the template double-stranded polynucleotide has produced polynucleotides of 
a desired size by the above slowed or halted PCR process, by adding to the resultant 
population of double stranded polynucleotides one or more single or double stranded 
oligonucleotides, wherein said oligonucleotides comprise an area of identity and an area 
5 of heterology to the template polynucleotide; denaturing the resultant mixture of double- 
stranded random polynucleotides and oligonucleotides into singlc-strandcd polynucleo- 
tides; incubating the resultant population of single-stranded polynucleotides with a 
polymerase under conditions which result in the annealing of said single-stranded 
polynucleotides and formation of a mutagenized double-stranded polynucleotide; and 
1 0 repeating the above steps as desired. 

In another aspect the present invention is directed to a method of producing 
recombinant proteins having biological activity by treating a sample comprising double- 
stranded template polynucleotides encoding a wild-type protein under sexual PCR 
conditions according to the present invention which provide for the production of 
1 5 polynucleotides which include random double-stranded polynucleotides having a desired 
size and adding to the resultant population of random polynucleotides one or more sineie 
or double-stranded oligonucleotides, wherein said oligonucleotides comprise areas of 
identity and areas of heterology to -the template polynucleotide; denaturing the resulting 
mixture of double-stranded polynucleotides and oligonucleotides into single-stranded 
20 polynucleotides; incubating the resultant population of single-stranded polynucleotides 
with a polymerase under conditions which cause annealing of said single-stranded 
polynucleotides at the areas of identity to occur and thus to form at least one mutagenized 
double-stranded polynucleotide; repeating the above steps as desired; and then 
expressing the recombinant protein from the mutagenized doubie-stranded polynucieo- 
25 tide. 

A third aspect of the present invention is directed to a method for obtaining 
chimeric polynucleotide by treating a sample comprising different double-stranded 
template polynucleotides wherein said different template polynucleotides contain areas 
of identify and areas of heterology under sexual PGR conditions which provide random 
30 double-stranded polynucleotides of a desired size from the template polynucleotide; 
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, n. the rcsultine random doubl branded polynucleotides to provide sing.e- 

1 wl aside, conditions which provide for the paling of the s.ng e-stran e 
es at the areas of identity and the formation of a chimeric doub.e-stranded 

, hv combining in vitro single-stranded template polynuclco- 
•» temDlate polynucleotide by comDinins, m » 

atCmP * • olp branded polynucleotides resulting from the sexual PCR 

,id "" hs 1i;" 

, , >nd;or ,, wvo „ shume „, c„=oa, g PO^p,^ p^i-u*. 

. , - re n capsid prote.ns, spike glycoproteins, polymerases, 
population 0 , « . «. ^ P p _ ovindsc — 

,„«„.■<>„ prov.l ovc , combma „ onsofcp i l „„c SIS «dUsnpvd 
immu „„ E c„ic v, ral p,o,™s - 8-n-. 

The invenuor. also provia.s 
_ for eCT =,un S ^ -~ «* rep^i»»-«c,,v C SC „e *«p, 

ch as may be u<=d for h„m»r. e=nc ,h=rapy, .ncMng btf no. l,m,.co .o 

30 constructs, such as ma> oe u. 
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vaccination vectors for DNA-based vaccination, as well as ant; -neoplastic gene therapy 
and other general therapy formats. 

BRIEF DRSCRTPTI ON OF THF DBA yvtat<— ,c 
Figure I is a prior art diagram illustrating the resulting mutant polynucleotide 
5 from mutations by error-prone PCR as contrasted with those from shuffling and 
recombination of shorter or smaller polynucleotides. 

Figure 2 is a flow chart which illustrates the principles of Sexual PCR in three 
basic steps: (1) selecting mutants for generation of random sized polynucleotides of 
polynucleotides, (2) generating random-sized polynucleotides by halting the PCR 
10 process, and reassembling the random-sized polynucleotides via PCR to form random 
polynucleotides 



1( 

polynucleotides. 

Figure 3 is a flow chart which ,ll, 5 ::;v„s me concepts of utilizing DN'A 

adducts or U V light to hah PCR and ,o genera:, polynucleotides due ,o random 

Dnmin P anr! inrnmnlptp nv i an ,:„- _r.t_. 

15 

util 



priming and incomplete extension of the strands. 

Figure 4 is a lis. of DNA adducts examples and UV light which may be 
utilized to halt PCR and generate random polynucleotides. 

Figure 5 is a now chart illustrates the steps involved in utilizing U V light to 
create DNA adducts and halt PCR to generate random polynucleotides. 

Figures 6A and 6B illustrate the separation of polynucleotides before 
2C assembly and the results after assembly, wherein F !S ure 6A is dtrec.ed to separation 
bands of the pre-assembly polynucleotides and Figure 6B is directed in its lane one to 
illustrating separation bands of reassembled polynucleotides after the first round of 
reassembly PCR and in lane two illustrating separation bands of reassembled polynuc.eo- 
t.des after the second round of reassembly PCR. Lar.e 2 shows the complete reassem- 
25 bled random polynucleotide ready for amplifier, cloning and screening for a useful 



Utility. 
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ymxunurr w n-nr-"" embodiments 

Fu^ advama geS of >hc present i.venuon w,U b e c=m= appa,.m tan .h. 
fo U o»in 8 d CS crip„on of the invcmion whh «fe«« ,0 ,he attached dnaw.ng, 

5 OT bly afe, pacing randon, o„ S on U deo U d=s v,a i„,c m p,d PCR, and op,iona y 

=. « - » f ■* — °"-" udco,idts ,o ^ cr pcR as ,emp ;r ° 

Ice ddi.na, - - — " ° f "* "Tf, 

pJLa*. encode m u,a„, p^ins nav,„ s •"^ " 

I,, JLceoUd. m « h od and which a!,, fo. *. c«U» of - P-n S 

having enhanced biological activity. 

■ • a- .r,H -.method for generating a very large 
The present invention is directed 3 „ieinoa 10 b 

, tv. c • „ M'-,nd has particular advantages in the 
15 library of DMA, RNA or protein mutants. 1 r.:s .lKt.iod has parti 

, , tV W from v.\rh the desired active polynucleotide 
generation of related polynucleotides from ^.u-n 

b • , „ .. rt invntion also re atcs to a method 

■ f .\ m-,« Hr- selec-cd In particular the pr^r.t h.\ -nuon a 
nor ion(s) ma> t>e sciec.i,u. y , 

of seated cycles of mutagenesis, homers recomb.nation and selection which aHo» 
forth* creation of mutant proteins havmg ennanced biological acttvity 

• ih, followinc terms will be dcf.ned as utilized 

20 For clarity ana consisted.*. iru. .oi.ov-ii.b 

above, throughout th.s document and in the claims: 



Definitions 

The term "DNA reassembly' is used when recombination occurs between 

identical sequences. 

By contrast, the tern, "DNA shutting- is used herein to md.catc rccombina- 

uon between substantially homologous but non-identical sequences, in some embodi- 
ments DNA shuffling may involve crossove: via non-homologous recombination, such 
as via-cer/lox and/or flp/frt systems and the like. 



25 
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The term "amplification" means that the number of copies of a polynucleotide 

is increased. 

The term "identical" or "identity" means that two nucleic acid sequences have 
the same sequence or a complementary sequence. Thus, "areas of identity" means that 
5 regions or areas of a polynucleotide or the overall polynucleotide are identical or 
complementary to areas of another polynucleotide or the polynucleotide. 

The term "corresponds to" is used herein to mean that a polynucleotide 
sequence is homologous^., is identical, not strictly evolutionary related) to all or a 
portion of a reference polynucleotide sequence, or that a polypeptide sequence is 
10 identical to a reference polypeptide sequence. In contradistinction, the term "comple- 
mentary to" is used herein to mean that the complementary sequence is homologous to 
all or a portion of a reference polynucleotide sequence. For illustration, the nucleotide 
sequence "TATAC" corresponds to a reference "TATAC" and is complementary to a 
reference sequence "GTATA." 

1 5 The following terms are used to descr.be the sequence relationships between 

two or more polynucleotides: "reference sequence,- "comparison window," "sequence 
.dcnti.y." "percentage of sequence identity." and ••.substantia! identity." A "reference 
•sequence" ,s a defined sequence used as a bas:s for a sequence comparison; a refers 
sequence may be a subset of a larger sequence, for example, as a segment of a folMcngth 
^0 cDNA or gene sequence given in a sequence listing, or may comprise a complete cDN'A 
or gene sequence. Generally, a reference sequence is at least 20 nucleotides in length 
frequently at .east 25 nuc.eotides ,n length, and often at least 50 nucleotides ,n length 
S-nce two polynucleotides may each (,) comprise a sequence (i.e., a portion of , h . 
complete polynucleotide sequence) that is similar between the two polynucleotides and 
25 (2) may further compnse a sequence that is divergent between the two polynucleotides 
sequence comparisons between two (or more) polynucleotides are typically performed 

by comparing sequences of the two polyn-cl-v-^ n V ,r ^ -v 

1 • -JtetK, ^ s °^ cr a comparison window" to 
identify and compare local regions ofsequcr.ee similarity 

' A ' ,COmPanS ° n Wnd0W '" M ^ h — • "fcrs to a conceptual segment of at 
leas, 20 contiguous nucleotide positions where,:-, a polynucleot.de sequence may be 
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spared to a reference sequent of a, ,eas, 20 congous nucleotides and whcre.n the 
portion of the po.y-.eot.de science in ,he comparison window may comprtse 
Ldi.ions or delenons (,,., gaps, of 20 percent or less as compa^d to ,he reference 
s=0 „e„ce (which does not comprise add,,io„s o, deletions) for optima, ***** of 

5 «„ces. Optima, a„ g nme„, of sciences for a,i e „in g a comparison w,n to. may 
be conducted by the ,oca, hom„,o e , a, g or„hm of Smith - Waterman (180 ^ 
2: 482 by the h„mo,o 8 y aliment „ 8 ori,hm of Needlemen and Wuncsoh 
j Mol BW .i: 443 (1970,, by ,he search of simi.ari.y method of Person and Lipmar, 
— 'T mLM JVSM 85: 2444 (,988). by concerted imp!eme„,a„ons of 

,0 these a, S or,thn,s (OAP. BESTF1T, FASTA, »d TFASTA in the ^ °"«"" 

Wl> „, by inspection, and *c bc S , W (I*. >• * *™ ° 

• ■ w.Wn^rnt-dbv the various methods is selected, 
homolocv over the comparison window) aen.raLd by 

' The tern, "sequence identity" .« ^ « polynucleotide sequences arc 
15 identical (i.e., on a nuclcotide-bynuclcoiidc basis, .« the window of comparison. The 
, erm "petcentaacof sequence identity" is calculated by Compaq two opttmally a„,nc 
, c auc„ccsover dte window of company. ****** ** «**« *P««~ « ^ 
,be identical nuclcc acid base (e.g.. A. T. C. G. U. or 1) occurs i. both sequences to y,el 
Ac number of matched posittons. d.tding the number of matched positions by the tota 
20 number o, positions ,n the window of comparison (i.e. ,he window Size, and 
the tesul, by 100 ,0 yie'd the percenlar, of sequence identity Th,s 

"substantial identity" BJbUB^ *~» ' " * I*"**™" 

sequence, wherein the polynucleotide comprises a sequence hav,n s at leas, 80 percent 
se ou=ncc tdentity, preferably a, leas, 85 percent tdentny, often 90 to 95 percent sequence 
,5 identity and most commonly at leas, 99 percent sequence identity as compared ,0 a 
reference sequence of a comparison window of at leas, 25-50 nucleotides, wherein the 
percentage of sequence iden,i„ is calculated by comparing the reference sequence ,0 the 

• vk ™v inrW" d-l-'ions or additions which total 20 percent 
polynucleotide sequence wruch may indue d-i-ons 

or less of the reference sequence over the window of comparison. 
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'Conserve mim acid su[>SIIlmions . Iefer w (he imerchjn6Mbi1 . of 
residues havi ng similar side cha ,, s , f „ ^ a group ^ ^ 

T? Chai " S iS *** - -^ei„e; a gro u p 

^ S hav,„ 8 a ,i p „ at ,c. hy d roKy , Slde chaj „ s , s serfnc md ihreon|nc; a 

«* av,„ g ^de-c^ side cha „ s , s asparagmc ^ siu[arain5; a 
=,ds hav,„ 8 a^a.ic side chams is ^ , yrosmei anJ a 
-mo ^ basic side chains „ ]ysmc . ^ a „ d ^ a P 

-no a c,ds bav,„ 6 sul^comainin, side chain5 , s ^ ^ ^ > 

amino acids su b s„ M ,„„ Broups a „ ; val ,„ 5 , 5ucinc ., so]eucinc 
p n e„, ala „, n e., )T0sim , lysinc . ar6ini ^ a|amne . va|jnc md asparae|nc eiu|am|nc ' 

^ he icmi "homologous" or "homsoloiious" mem. that „ ■ . 

uiutuub means that one smg e-stranded 

aa nudd ° acid — - . » mPlcraenta , sin L, tra „ 

»ud« acid sequence. nc d:sf „ orh) , r|d)zai|Cii my depend ^ a 

~ ,ud,n e bb_ of idcmi , y bc(WECn , hc stqu=mss md ^ hybridizai ^ 

«* * .™pe,„ ure cuid sall concen ,„„ 0 „ s „ 0|s;ussad la , cr prcfsrj ^ 

, grcalc, lha „ abow 5 bp , mpre „„,. „ bl> . fc rcgjon of idcni| . iy h ^ 

s „ 0 . - h «"°">^" — ■»< one si„ g ,e.s,„„ dcd nuclcic acjd 

sc 1"«nce is unable 10 hybridize io anoi^rsi^lr„r,„H j i ■ 
i 0 ,„„ , „ - ''"S'^'randed nucleic acid sequence or its 

- -Pl=-, Tb „s attas of he!crolos> _„ s aras ^ 

W«e ,o anMhtr mdac , c , „ po!y „, jclL . Midc re ^ 

example areas or mutations. 

, 5 , • tCfm " C ° 8nate " ° S US£d herein 'o a gene secuence that is 

25 evoluuonanly and functionally related between spaces Fore , , ' ^ tlS 
in th „ h P ,eS ' For exarT1 P' e but not limitation 

*e un,™ gOTOmc , he huma „ CD1 gc „ . , hj cognM 8tnc ^ ■ 

- be sciences and s mc ,„ r e S „ f ,„ese 8 e„ = s .ndica.e Iba, , hcy are ^ 
"'™ MHC cla-ss H-resinced an„, : „ rrcocnilion " E 
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The ,.rm "wild-type" ■»» ,te P<">™ d » tidc dMS C0 " ,pr ' St 

The - Tela.e<i polynucleotides" means .ha, «g.ons or areas of the 
5 polynucleotides arc identical and re.ions or areas of the polynudeotides are he,e,o,o. 

8 ° US ' Th- t-rm "chimeric polynucleot.de" means that the polynucleotide comprises 
re6 ,o„s which are wild -type and r= g ,o„s which are mutated. It may also mean, ihe 
polynucleotide comprises wild-type re 6 ,ons form one polynuclcolide and w,,d-,ype 
10 resions form ano.her related polynucleotide. 

The ierm "cleaving" mean, di s es,in g the polynucleotide with enzyanes or 

„,ca k in 6 ,he ****** . c o„ec,,on of components such 

The term "population as uscu n->-> 

noK-nucl-ond^s or proteins. A "mixed population: means 
as polynucleotides, portions or P ol>nucLohJ^ p 

Wrh Wlonc to t V srnic family or nucleic acids or protctns 
15 a collation ofcomponcntsw'hich belong to 

,..•«• ■ ,w -cc-.cn- (ie are not identical) and hence in 
(i.e.. arc related) but which differ in their .cu.cn.. 0-C 

their biological activity. . 

The rcrm -specific p^ico**" — , polynucleotide hav.ng certain end 
points and hav,„ e a certain nucleic «« sequence. Two polynucleotides w,crei„ one 
,0 odynuclcotide has the identic, ^ as a portion of the second polpucicolide bat 
different ends composes two utfferettt specific polynueleo.tdes. 

The term -mutations ' means changes in the sequence of a wtld-typc nucleic 
r » sequence or changes in the science of a peptide. Such mutations may he ptn, 
mutations such as transitions or .^versions Tne mutations may he deletions. 

25 insertions or duplications. 

,„ the polypeptide notation used herein, the left-hand direcon ,s the ammo 
,-rmina, dtrcction and the „ S h,-hand dttcction is ,he ca,bo S y-.crmina> direction. ,n 
accordance with standard usa s e and convex, SimHariy, unless specified onWisc 
,h- left-hand end of s,n g >e-s,randcd polynuc.cide sequences is the , end; the left-hand 
30 direction of douhle-strandcd po.ymucleo.idc sequences is referred ,0 as the 5' dircc.ion 
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The direction of 5" to 3' addition of nascent RNA transcripts is referred to as the 
«ranscr,pt,on direction; sequence regions on the DNA strand having the same sequence 
as the RNA and which are 5' to the 5' end of the RNA transenpt are referred to as 
upstream sequences"; sequence regions on the DNA strand having the same sequence 
as the RNA and which are 3' to the 3' end of the coding RNA transcript are referred to 
as downstream sequences". 

The tcm, "naturally-occurring- a, „ s=d herd „ „ app|icd (p ^ ^ ^ 
•Che fact that an object can be round in nal „ r< , F „ exampk , 
polynuc eot.de scouencc «„« „ prescm ,„ an organ , m ( . nduding vmj=s) ^ ^ b£ 
■solatcd fton, a sour « in „ aIU „ ^ whic „ haj no , ^ inicn , ona|i; ^ 

m .he laboratory is naturally occurring. Generally ,hc , crm na , urallv ^ 
>° an object as present in a „on.p a ,h 0 ,og,c a , (un . diseased) ,„ dividuali such ^ ^ _ 

typical for the species. 

orchc m ,cal compound,, an orrav „f s?a ,„:!, ,o„; 12cd compounds (£ g , ^ 

pol> ™ c,co " de -* «*» =---»>o™, mol5COlc a „ ay ; 

».olo e ica, macromoicculc. . bac,e„o P „ s = pcp;|dc ^ , ' 

(e ' S - !CFV) " ,Sphy «-* ' *>— peptide d lsp ,. ly , ibrar „ „ an „,„ c , 

made form biological materials such as bacerb nhm, r, • 
. n ,. ^c.eru, plants, fungi, or an.mal (particular 

-o mamrnallan) celh „ , ISSU „ Agena „ eva|uaKd po)cniia| ^ ^ 

neopias.es, «i*««™» i „ W ™« a ,o,s bv inclusion in screen^ assav s 
«=scr,bed Agents are c, aiai;d fot p0 , cnlia , aaivity „ 

be«c„ t™ ^determined polypeptide* e* which *, s„o, S ub s , m , ially mlCTfere ^ 
cell v,ab,l, ly) by i„ clusi0 „ in scrc „ ing Msa; . s dcscnb<;d hcrcmbdow 

As used herein, "substantially pu:( , raeans a „ ^ ^ ^ 

H*™""* SP5deS PrKCnt (U - °" 1 * »™ than a„ y othc 

■nd... macroraolccular species ,„ ,h c and „, efcrab|y ^ 

P«fcd factton i, a composition where.n lh= objc; , ^ ^ a , ^ ^ ^ 
P"ce„, «„„ a nlolar basis) „ f a „ ^ 
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s„bs,a„„a,. y pure ccposirion wi.l co.pr.se - *» -»« «• » » <* 

is porined ,o cssen,,a, ho m o 6 =n=„y ("-"I- — * * 

comp osi,,o„ b, CO— ^ ->»*> "» TT°ir< 500 

5 ^.ially .f . sin E lc —ecu,, species. Solvcn, species, snaa,, n,o,=cu,es «50» 

D a„ons>, and element ion species « ,0, considered nracromolecular speces. 

As used herein *e ,crm "physio.og.cal eondi.i.ns- refer, .=mp«™". pH. 

i„„,e suengrh, viscoshy. and lite biochemical paramcrers which are comparibie w„h a 

, ab „ or^srn. ^o, which rypically e,is, ****** in . viable cohered yeas, ee„ 
„ or ce„. For e^ple. ,he insula, condnions in a yeas, cc„ on er 

, vp ica, laborer, cohure eondi.ions are physioiogica, conditions. So„ab,e „ v,„ 

rat „ 0 „ e„„di„ons for ,„ ,ranscr,p,ion eocM, arc 

cori di,,ons ,n genera,. „ W,„ phys,olo 5 ica, ^ compnse 50,00 N.U r 

KC1 oil 6 5-8 5, 20-15-C and 0.001-10 n-.M civolem cauon (e.g.. Mg . C3 ), 

.-„ v, v.n .in oil "-76, 5 mM divalenl cation, and often 
15 preferably aboul IMjmMNaCI or KU.pn ■ - 

tatak 0.0, , .0 pe.cn, nonspecif.c pro.e.n BSA) A non-ionic de.erge.n, Twee . 
KM, T„,o„ X-,00) can 0*c„ be pre.-, u SU a„y a, abou, 0.00, ,0 2%, W ,call, 0 05- 

„. u„ courted bv the practitioner according 
0 T/o (v/v) Particular aqueous conditions m3> b- s.lcctco by P 

, -m,— t'n- fdlowinc buffered aqueous 
to conventional methods. For general gu.dar.w.. tn- 

r ., ,0^0-nMNaCl j-50 mM Tris HCl. pH 5-<$. w,th 
20 conditions may be apphcaolc: i0-„>0 M-i. . , 

. , , _,.,,i .-h-l-'to-s and/or non-iomcoctcrgents 

optional addition of divalent cauon(s) and/or rrUal -hJ-o.s 

and'or membrane fractions and/o: anti-foam agents and/or scintillas. 

-Sp-cific hybridization" is defined herein as the formation of hybrids between 
a f.rst polynucleotide and a second polynucleotide (e.g., a polynucleotide having a 
,5 distinct but substantially identical sequence to the fust polynucleotide), where.n 
substantial,- unrelated Nucleotide sequences do not for, hybrids in the mixture. 

As used herein, the term "single-chain antibody" refers to a polypeptide 
comprising a V, domain and a V,_ domain in polypeptide linkage, generally liked v,a a 
spacer peptide (e.g.. [Gly-Gly-Gly-dy-Ser- , and which may comprise additional ammo 
30 acid sequences at the amino- and/or corboxy- termini. For example, a sing.e-cham 
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anybody may comprise a tether segment for linking to the encoding polynucleotide As 
an example, a scKv is a single-chain antibody. Single-chain antibodies are generally 
prote.ns consisting of one or more polypeptide segments of at leas. 1 0 contiguous amino 
substantially encoded by genes of the immunoglobulin supcrfamily (e.g see The 
5 Immunoqlobulin Gcn<- Siip prfimilv, A.F. Williams and A.N. Barclay, i„ In^mo^ 
Genes. T. Honjo, F.W. Ah, and THE. Rabbits, ed.,. (1 989) Academic press: San Diego 
CA, pp. 361-368, which is incorporated herein by reference), most frequently encoded 
by a rodent, non-human pnmate, avian, porcine bovine, ovine, goat, or human heavy 
cha.n or light chain gene sequence. A functional single-chain antibody generaIIy 
contains a sufficient portion of an immunoglobulin superfamily gene product so as t0 
retain the property of binding to a specific target molecule, typica.ly a receptor or antigen 
(epitope). 

As used herein, the term "complsmcntari.y.de.ermining region" and "CDR" 
_ refer to the art-recognized ierm as exempted by the Rabat and Chothia CDR definitions 
1> ^ gently know, as supervariable regions or hypcrvariablc loops (Chothia and Leks 
( 1 987) JJvJoU^ m 90 , ; cioth.a et al. (1989) Najure 342; 877; E.A Kabat et al 
Sequences of Proteins of Immunological Interest (national Institutes of Health, Bethcah" 
MD) (1987); and Tramontano et al: ( 1 990) J^J^ ^. , 75) Variable region 
doma,r.s typica.ly compri.se the amino-terminal approximately 105-1,5 amino acids of 
-0 a nacuraJly-occumng immunoglobulin chain am.no acids,-,, 0). although variable 
domains somewhat shorter or , oager are also suitab , fw ^ 
antibodies. 

An immunoglobulin light or h=av 7 ch a,n variable region consists of a 
framework" region interrupted by three hypervariable regions, also cal.ed CDR's The 
extent of the framework reg.on and CDRs have been precisely defined ^ "Secuences 
of Proteins of Immunological Interest," E. Kaba, fl p 1: 4th Ed., U.S. Department of 
Health and human services, Bethesda, MD (1937),, The sequences of the framework 

regions of different light or heavy chains -e rd-.- .-v ™ j - • 

y nains^eiUj^^y conserved within a specie As 

used herein, a "human framework region" is i h T .„„ + • u . 
30 iri( . ,• , , , <^-uo.k region that .s substantially 

30 ident.cal (about 85 or more, usuallv 90-95 or m-c to ,h~ f , 

. V 7J 0l ,,1,..u , 0 th „ f rarnework regjon Qf ^ 
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, u i n ihr framework region of an antibody, that 
namrallv occurring human immunoglobulin, the framework b 
naturally occurs rftn ,. ituent lieht and heavy chains, serves to 

• 1 se g menr refers ,o a ponton of . nascent «-* «** eontpnses . » om 

I defined kcmal sequence. A variable se B men. can comprtsc both 

pseudorandom, or defined kema q ^ ^ ^ 

T o 10, al-hooeh variable ^ «, * — - -» 
nrotcin a receptor protein, and the like. 

P i „. nlid . ™ t , nc =" refers to an am.no acid sequence 

As used herein. ' random pepltd- scqb.nc. 

H „f two or mote amino acid monomers and constructed by a stochasnc or 

. .. 0 ue„==s '..bat encodes a set 0, raa.om pepodes, and ,0 tbe set of random peptides 
eroded * those polynucleottoe sconces, as «» as the fuston protetns contatn ,osc 

"^Id hcrem, the term ■'pseudorandom^ refers to a s=, of sequences tha, 
te « Itmtted var.abtltty, so, that for example the degree of restdue viability a, another 
» positton, but any pseudorandom pos.tion is a„o»cd some de,ee of restdoe vartatto, 

however circumscribed. 

• u ,^ -ri-fn-d s-quence framework" refers to a set of 
As used herein, the term d~tiru- s.uucn 

. that are selected on a non-random basis, generally on the bas.s ot 

defined sequences thai are seiei.u.u 

experimental d„a or statural da,a ; for example, a deftned sequence framework may 



15 



20 



WO 98/01581 



PCT7US97/12239 



- 24 - 



may comprise a leucine zipper heptad repea, motif, a zinc-finger domain, a^ong other 
vanatton, A "defined sequence kema!" is a set of sequences which encompass a limited 
scope of variability. Whereas (I) a completely random 10-mer sequence of the 20 
conventual amino acids can be any of (20)- sequences, and (2) a pseudorandom 10- 
5 mer sequence of the 20 conventual am ino acids can be any of (20)'" sequences but wi„ 
exhibu a bias for certain residues at certain positions and/or overall, (3) a defined 
sequence kema) is a subset of sequences if each residue position was al.owed to be any 
of .he allowable 20 conventional amino acids (and/or a.lowab.c unconvent.ona, 
anWimino acids). A defined sequence kema, generally comprises vanant and 
mvanant residue positions and/or compr.es vanant residue positions which can 
compr.se a residue selected from a defined subset of amino acid residues), and the like 
ether segmental or over the entire length of the .dividual selected library memb-r 
sequence. Defined sequence keme.s can refer to cither amino acid sequences or 
~otide sequences. Of illustrate and no: ,^ tion , [he „ ^ ^ 

U (NNM), 0 . wherem N represents A, T, G, or C; K resents G o- T and vi 

- J , and M represents A 

or C, are defined sequence kernels. 

A S u S ed hecin -.pi.op,,- ,cf m ,, , h „ pon|0n „ f a „ an . Ben ^ 

" P '* ,C ° f f0m,i " e ' «*• '™ — ,s wN, , hc va „ ablc 

region binding body of an antibody . Tvcic-H- ,,,-h h;Mi„ . 
„ ' i)T^-i ... sii-n binding Interaction is manifcsicd 

* , ° K < m *°** <** «» « ™, amino acid !=siducs of „ cm 

M " ,CC ° p,0r " "*» 2 «"<**<* *»' an affinity lb, a giv-n 
l. E and Receptor, can bo namraHy occ.n-ing „ sy^etic nno.eciile, Rcceptois can be 
-Ployed ,„ an u„a„=«d stale „ „ aggregates with MlKr spec ,„. Rccep|ors ^ fe 
attacned. covatendy „ „ 0 „. covalemly , , 0 , ^ ^ ^ w ^ , 

-J 3PCC.IIC binding stance. Examp , es „ f ^ ^ ^ ^ ^ ^ 
antibodies, including monoclonal antibodies and a-i„~, 

, , a '^a.,a a ,. l ,SL,areact 1 ve with specific antigenic 

determine (such as on viruses, cells, or other nn-rHs) cell m-mh 

, ' -n^iij, cell membrane receptors 

complex carbohydrates and glycoproteins err.— ■ u n ' 

' cn ^--- -i-d hormone receptors. 
-As used herein "ligand" refers to a - r „„.u 
in 4 .„ ■ . , 1 such as a random peptide or 

™ variable segment sequence, that is recognized r- i 

° b mzeJ t _. , particular receptor. As one of skill 
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h te an * a molecuie (o- macromoleeular «"■*"> " " " 3 '° 

111 to as the - bW, P-« — a greater mo.ec.ar - 

referred to as a receptor. , 

• ti Ar ..,„-.„■' refers to a molecule or group of 
< As used herein, "linker or spacer reiers 

peptide. «. serves , p.- U. «. molecules in a preferred co„*g U -a.,o, * - *^ 
lldom pe P .id= can bind ,0 a recep.o, with minima, «Hc hmdnnce «» -he 

, ld! ^ in a ^ — A nucleic acid is •opera,, »»r 

pla ced ,„,0 a fcncllona, re,a,,o„ship with anolher nuCeie acid sequenc, ~ 

a p,„ m o,c, or dancer , operabiy Med a coding sequence ,f ,. affects 

P on-nb- Wed means .hat .he DNA sequences 

transcription of .he coding sequence. Opcrac, 

,j rece c sary to join two protein coding 

15 being linked are typically contiguous and, w... «c=.sary , 

regions contiguous and in reading frarr.c. 
" ' ^ herein. ,h= ''means To, slo,™ s or haUing the PCR amp,, ca^ 
is ocftned as • -W «. or a DNA adduc, , slo, or a .he CR 

. r[ .^A, Pr-fc-ably such a means is either UV light 
amolificaiionofat least one pol>nucl t o,dc. lr^rao>, 

^ r «Hf-cted wn the group consisting ol: 1+)-^- 

in. -,-h is (~VCC-1065-(N3-Adsnins), (see. Biochem. A~ 
10^,- or a synthetic analog su~n as t. j ^ v 

a « — *~«-***-^ 

hie of mhibi-mg DNA synthesis (see, for example. Carcinogenesis v„, ,3. N. 
,1=92); o, a N-acctylatcd or dcacctylaicd ,-arr.inobipheny. addue, capab, of 

u ' / ,u n Id 751-75S); trivalent chromium, a tnvalem 
25 inhibihng DNA syn.hesis (see also fd_. ) ^ „ 

chromium salt, a p.lycyclic aromatic nydrocarocn ( PAH ) DNA P 
l^biting DNA replication, such a, ,-br„ m omcthy,.b,„*,an,hrace„e BMA 
„s C .3.dib,o m opropy.>pho 5 pha,c CT.s-BP '). U-dibrorrioO.hloropropane < DBC , 
2-bromoacrolein (2BA), ( BPDE ). a 

30 platinumfH, halogen sa„. < ^ 
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hydroxy-JQ"), and N-hydroxy^-a^ino-i-methyl-e-phenylimidazo^.S^-pyridine (»N- 
hydroxy-PhlP"). Especially preferred "means for slowing or halting PCR amplification 
consist of UV light ( + )-CC-1065 and ( + )-CC- 1065-(N3-Adeni nc ). Particularly 
encompassed means arc DNA adducts or polynucleotides comprising the DNA adduces 
from the polynucleotides or polynucleotides pool, which can be released or removed by 
a process including heating the solution comprising the polynucleotides prior to further 
processing. 



Methodology 



Nucleic acid shuffling is a method for /„ vilro or in Ww homologous 
10 recombination of pools of shorter or smaller polynucleotides to produce a polynucleotide 
or polynucleotides. Mixtures of related nucleic acid sequences or polynucleotides are 
subjected to sexual PCR to provide random polynucleotides, and reassembled ,o yield 
a horary or mixed population of recombinant mutant nucleic acid molecule, or 
polynucleotides. 

' 5 In contrast to cassette mutagenesis, only shuffimg and error-prone PCR allow 

one ,o mutate a pool of sequences blindly (without sequence information other than 

primers). 

The advantage of the mutagenic shufning of this invention over crror-prone 
PCR alone for repeated selection can best be explained with an example from antibody 

20 engineering. In Figure 1 is shown a prior art schematic diagram of DNA shuffling 1S 
compared with error-prone PCR (not sexual PCR). The initial library of selected pooled 
sequences can consist of re.ated sequences of diverse origin (i.e. antibodies from naive 
mRNA) or cart be denved by any type of mutagenesis (including shuffling) of a smgl- 
antibody gene. A collection of selected complementarity determining reg.ons ("CDRs") 

^ ,s obtained after the Hrst round of affinity selection (Fig. ,). in the diagram the thick 
CDRs confer onto the antibody molecule increased affinity for the antigen. Shuffling 
allows the free combinatorial association of all ort.ne CDRIs w i(h all of the CDR2s with 
all of the CDR3s,etc. 
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This method differs from error-prone PGR, in that it is an inverse chain 
.action. In error-prone PGR, the number of polymerase start sites and the number of 
.olecu.esgrowsexponential.y. However, the se.uence of the po.ymerase start s.tes an 
the se q uence of the molecu.cs remains essentially the same. In contrast, ,n nuc.etc actd 
5 assembly or shuffling of random po.ynudeotidcs the number of start sues and he 
num ber (but not size) of the random ^nucleotides decreases over umc. For 
polynucleotide, denved from .hole p.asmids the thcoretica. endpoint is a s.ngle, large 

concatemeric molecule. 

Since covers occu, a, reB ions of homology, ,ccombma„on w,H pnnw,l> 

,0 „cc„ beween mcn,b« of*. ™ S *~ 

of CDRs ,ha, . i-o m p„ole ,,,, di.c.d a B a,„ S , tmm 

smc 3 „,i g c„>. U ,s contended t ba, m-UipU ^ » * ^ 

lh= sam c rcacion. FUHh.,. shumio, .»«« relate o,c= r , sucl, .ha, 

fo,cxamplc,CDR]»lUo,bcfou n diMh e po il ™„ofCDIU^ 

R« *..!.»» «H -tain a nun*, of ,h: be. <* h. B ««< riG» V ) 

w m an t< mav b- s-lcctcd based on their superior affinity (Fig. 1 ). 
CDRs and these rare shufflants may o~ s-i^i-- 

CDRs from a pool of 1 00 d, ffercnt selected antibody sciences can be permutatcd in up 
l0 , 006 different ways. This large numb, of permutations cannot be represented ,n a 
sinplc Hbrarv of DNA fences. According. H is contemplated that multiple cycles 

" • nr ,d section r-v b- required depending on the length of the sequence 
20 of DNA shuffling and selection m..-> — i 

and the sequence diversity desired. 

Error-prone PGR, in contrast, keeps all the selected CDRs in the same relative 

sequence (Fig. 1), generating a much smaller mutant cloud. 

The template polynucleotide which may be used in the metnods of this 
,5 invention may be DNA or RNA. It may be of various lengths depending on the „* of 
the gene or shorter or smaller polynucleotide to be .combined or reassembled. 
P.ferably, the template polynucleotide is from 50 bp to 50 Ub. It is contemplated that 

• • th-mir'eicacid-nco-iinn the protein of interest can be used m 
entire vectors containing the nuceic aciu „no.j..i b h 

the methods of this invention, and in fact have been successfully used. 
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The template polynucleotide may be obtained by amplification using the PCR 
reaction (U.S. Patent No. 4,683,202 and 4,683,195) or other amplification or cloning 
methods. However, the removal of free primers from the PCR products before subjecting 
them to pooling of the PCR products and sexual PCR may provide more efficient results. 
5 Failure to adequately remove the primers from the original pool before sexual PCR can 
lead to a low frequency of crossover clones. 

The template polynucleotide often should be double-stranded. A dou- 
ble-stranded nucleic acid molecule is recommended to ensure that regions of the resulting 
single-stranded polynucleotides are complementary lo each other and thus can hybridize 
10 to form a double-stranded molecule. 

It is contemplated that single-stranded or double-stranded nucleic acid 
polynucleotides having regions of identity to the template polynucleotide and regions of 
heterology to the template polynucleotide may be added to the template polynucleotide, 
at this step. It is also contemplated that two different but related polynucleotide 
1 5 templates can be mixed at this step. 

The double-stranded polynucleotide template and any added double-or 
single-stranded polynucleotides are subjected to sexual PCR which includes slowing or 
halting to provide a mixture of from abou: 5 bp to 5 kb or more. Preferably the size of 
the random polynucleotides is from abou: 10 bp to 1000 bp, more preferably the size of 
20 the polynucleotides is from about 20 bp to 500 bp. 

Alternatively, it is also contemplated that double-stranded nucleic acid having 
multiple nicks may be used in the methods of this invention. A nick is a break in one 
strand of the double-stranded nucleic acid. The distance between such nicks is preferably 
5 bp to 5 kb, more preferably between 10 bp to 1000 bp. This can provide areas of sclf- 
25 priming to produce shorter or smaller polynucleotides to be included with the 
polynucleotides resulting from random primers, for example. 

The concentration of any one specific polynucleotide will not be greater than 
1% by weight of the total polynucleotides, more preferably the concentration of any one 
specific nucleic acid sequence will not be greater tr.an 0.1% by weight of the total nucleic 
30 acid. 



cycles 

10 
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At this step single-strand^ 

, ,„ hr added to the random double-strand ea sno 
!ynlhelic „, nnay be added ^ otpolynuclMtWe , 

5 polynucleotides in order ,o tnorease *- ■«-* ' c . s , rim(led ian dor„ly broken 
„ , s als „ contempt POP-— * s f[om , hc 

pol^cotidesrnaybem^orcornbineda,^ 

lual PGR process and optionally su,=c.ed «o one 

'>'""• • r mu.at.ons into *e .empl».= polynucleotide is desired. 

Where insertion of mutations 

bc added ,n a 20 fold excess > ^ & ]Q ^ ^ by 

preferably the single-stranded polynucleo.--, may 

l5 .eight as compared to the polyn uclcotides is desired, 

Where a m^ure of d,ncrcn ; : ; .- : ^ fe= ^ at a ratio 

populates of Pobnudcoudcs from ^ ^ ^ ^ ^ ^ , ;4Q . For example, 
0 f,ess than about 1:100, more pr. ^ ^ ^ po)yn0clcolide 
a bnckcross of the wild-type po.ynuc,..,. ^ ^ ^ ^ mu . aU ons yielding an insubstantial 
20 nay be desired to eliminate neutra.r.-.. - ^ , n such an example, the ratio 
alteration in the P h=noty P iC P^'--^ ^ may be added to the randomly 
of randomly provided wld-typt P*. - , nnro xim^v 1:1 to about 100:1, 

pr0V idcd sexual PGR cycle mutant polypes „ a ? proxmw , 

an d more preferably from 1 : 1 to 40: 1 . ^ , deotides are denatured to form 

Th — d^ 
sing le-stranded polynucleotides an- • - • - Bnded Nucleotides 

polynucleotides having regions of hom,..,.. 



25 



will rc-anneal. 



' el1 ' , , ,. s , , c - denatured by heating One skilled in the 

30 ait could determine the conditionsn.es . 
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nucleic acid. Preferably the temperature is from 80 °C to 100 °C, more preferably the 
temperature is from 90 °C to 96 °C other methods which may be used to denature the 
polynucleotides include pressure (36) and pH. 

The polynucleotides may be re-annealed by cooling. Preferably the 
5 temperature is from 20 °C to 75 °C, more preferably the temperature is from 40 °C to 
65 °C. If a high frequency of crossovers is needed based on an average of only 4 
consecutive bases of homology, recombination can be forced by using a iow annealing 
temperature, although the process becomes more difficult. The degree of rcnaturation 
which occurs will depend on the degree of homology between the population of 
10 single-stranded polynucleotides. 

Renatumtion can be accelerated by the addition of polyethylene glycol 
("PEG") or salt. The salt concentration is preferably from 0 mM to 200 mM, more 
preferably the salt concentration is from 10 mM to ! 00 mm. The salt may be KC\ or 
NaCI. The concentration of PEG is preferably from 0% to 20%, more preferably from 
15 5% to 10%. 

The annealed polynucleotides are next incubated in the presence of a nucleic 
acid polymerase and dNTP's (i.e. DATP, dCTP t DGTP and DTTP). The nucleic acid 
polymerase may be the Klenow fragment the Taq polymerase or any other DNA 
polymerase known in the art. 

The approach to be used for the assembly depends on the minimum degree 
of homology that should still yield crossovers. If the areas of identity are large, Taq 
polymerase can be used with an annealing temperature of between 45-65 °C. If the areas 
of identiry are small, Klenow polymerase can be used with an annealing temperature of 
between 20-30 °C. One skilled in the an could vary the temperature of annealing to 
25 increase the number of cross-overs achieved. 

The polymerase may be added to the random polynucleotides prior to 
annealing, simultaneously with annealing or af:er annealing. 

The cycle of denaturation, rcnaturaticn and incubation in the presence of 
polymerase is referred to herein as shuffling or reassembly of the nucleic acid. This 
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,„ 50 dm* more prefab!, .he * «P— <™ <° » <° 

aboul so bp ,o .bo„ .oo kb. p*-*** » 500 * 

5 ^ uistoger po, y „uc,eo,id eSm aycon la ,n a n Um be I orcop i cs 0 fapo 1) .ud e o. 

b , • , r prpniS Patent No. 4,6oJ,lV-> ana 

to cloninfi by a variety of methods indudmg PCR (U.S. 

- /■<!■* 7fm rather than by digestion of the concatemer. 

u . . - , lf CXDr5Sl3n of the particular polynucleotide is 

25 P '" mdS ' Tb= baccna, pop^o„ «■« .Cade a n-» o f rcc^nan, 

p„, y „ u c,eo„des bavi nS — - ™ .tai * » 

j ■ ^ • ,h .'v- n-T»ins expressed by each of the portions 
30 binding efficiency to a hgand is desired, t.u p.o-.ns exp 
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of the polynucleotides in the population or library may be tested for their ability to bind 
to the ligand by methods known in the art (i.e. panning, affinity chromatography). If a 
polynucleotide which encodes for a protein with increased drug resistance is desired, the 
proteins expressed by each of the polynucleotides in the population or library may be 
5 tested for their ability to confer drug resistance to the host organism. One skilled in the 
art, given knowledge of the desired protein, could readily test the population to identify 
polynucleotides which confer the desired properties onto the protein. 

It is contemplated that one skilled in the art could use a phage display system 
in which fragments of the protein are expressed as fusion proteins on the phage surface 
10 (Pharmacia, Milwaukee WI). The recombinant DNA molecules arc cloned into the" 
phage DNA at a site which results in the transcription of a fusion protein a portion of 
which is encoded by the recombinant DNA molecule. The phage containing the 
recombinant nucleic acid molecule undergoes replication and transcripiion in the cell. 
The leader sequence of the fusion protein directs the transport of the fusion protein to the" 
15 tip of the phage panicle. Thus the fusion protein which is partially encoded by the 
recombinant DNA molecule is displayed on the phage panicle for detection and selection 
by the methods described above. 

It is further contemplated that a number of cycles of nucleic acid shuffling 
may be conducted with polynucleotides from a sub-population of the first population. 
20 which sub-population contains DNA encoding the desired recombinant protein. In this 
manner, proteins with even higher binding affinities or enzymatic activity could be 
achieved. 

It is also contemplated that a number of cycles of nucleic acid shuffling may 
be conducted with a mixture of wild-type polynucleotides and a sub-population of 
25 nucleic acid from the first or subsequent rounds of nucleic acid shuffling in order to 
remove any silent mutations from the sub-population. 

Any source of nucleic acid, in purified form can be utilized as the starting 
nucleic acid. Thus the process may employ DNA or RN'A including messenger RNA, 
which DNA or RNA may be single or double stranded. In addition, a DNA-RNA hybrid 
30 which contains one strand of each may be utilized. The nucleic acid sequence 
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may be of various lengths depending on the size of 0* nuc.eie acid seouence ,0 be 

„ „ contended .ha, entitc vectors containing the nuCeic acid encoding -be protcin of 
imerestmaybeusedinthernethodsofthisinvcn.ion. 
5 Tbe nucleic acid may be obtained fro- any source, fo, example, from 

pl as m ids such a PBR32, .on, Coned DNA or RNA or fro™ natural DNA or RNA f«» 
ny source includtng bacteria, yea,, vi^scs and higher organisms such* pl- 
an mals. DNA or RNA may be exacted from biood or tissue matenal. Tbe » - 
Nucleotide may be obtained by ampliation using the poly^eotidc chain reac^n 
,„ ;c R , ( USPa 1 e„ 1 no.4. 6! 3, M2 and 1 ,6S,, I o 5 ).A 1 >erna,ive,y,hepo,y r ,uc,eo,,derny 

„, i„ a cell and sufficienl nucleic acid may be obtained b> 
be present in a vector present in a cell ana sun 

, • f^m tfp ceil bv me^iods known m tne 

coring the cell and extracting the nuclec ac.d f.om the b> 

^ r Hric acid s-au-ncc can be used to produce the population of 

Any specific nucleic acia sv-qu-i.^ 

,5 mutants by the present process. „ is only neccssa, tbat a small population of mulan, 

Pr0: " S ' J* initia! small population of the specific nucleic acid seouences having 

n^ifrrent methods. Mutations may be creatca 
mutations may be created by a numbc. o, oifi~rent 

PPR Frro- o-o~ PCR uses low-fidelity polymcr.al.on conditions «o 
20 by error-prone PCR. brror-p.o..- t >~rv 

• ^^k-nvrr a Ion" sequence. Alternative! v, 

introduce a low level of point nutauonsrando.nl> over a Ion., q 
mutal ions can be introduced into the temp.ate po.ynudeotide by oligonucl.o 
ude-directcd mutagenesis. In oligonucleotide^^ mutagenesis, a short sequence of 

a tK» nnlvnucleotide using restnction enzyme 

the polynucleotide is removed from th. polynucieo 

25 digestion and is replaced with a syndetic polypeptide in which various bases have 
been altered from the on.na, sequence. The polynudeotide sequenee can also be altered 

L • , , n.,k Chemical rumens include, for example, sodium bisulfite, 
by chemical mutagenesis. Lnemicai £ 

, , ■ . „. r^ic a cid other agents which arc analogues 
nitrous acid, hydroxyzine, hydrazine o. fom.ic acid. «, 

of nucleotide precursors include nitrosoguanidine, 5-bromouracil, 2-aminopunne, or 
30 acndine. Genenally, these agents are added to the PCR reaction in place of the nucleotide 
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precursor thereby mutating the sequence. Intercalating agents such as proflavine, 
acriflavine. quinacrine and the like can also be used. Random mutagenesis of the 
polynucleotide sequence can also be achieved by irradiation with X-rays or ultraviolet 
light. Generally, plasmid polynucleotides so mutagenized are introduced into £ colt and 

5 propagated as a pool or library of mutant plasmids. 

Alternatively the small mixed population of specific nucleic acids may be 
found in nature in that they may consist of different alleles of the same gene or the same 
gene from different related species (i.e., cognate genes). Alternatively, they may be 
related DNA sequences found within one species, for example, the immunoglobulin 

10 genes. 

Once the mixed population of the specific nucleic acid sequences is 
generated, the polynucleotides can be used directly or inserted into an appropriate 
cloning vector, using techniques well-known in.the an. 

The choice of vector depends on the size of the polynucleotide sequence and 

15 the host cell to be employed in the methods of this invention. The templates of this 
invention may be plasmids, phages, cosmids, phagemids, viruses (e.g., retroviruses, 
parainflucnznvirus, herpesviruses, rcoviruscs, paramyxoviruses, and the like), or selected 
portions thereof (e. g. t coat protein, spike glycoprotein, capsid protein). For example, 
cosmids and phagemids are preferred where the specific nucleic acid sequence to be 

23 mutated is larger because these vectors are able to stably propagate large polynucleo- 
tides. 

If the mixed population of the specific nucleic acid sequence is cloned into 
a vector it can be clonally amplified by inserting each vector into a host cell and allowing 
the host cell to amplify the vector. Tnis is referred to as clonal amplification because 
25 while the absolute number of nucleic acid sequences increases, the number of mutants 
docs not increase. Utility can be readily determined by screening expressed polypep- 
tides. 

The DNA shuffling method of this invention can be performed blindly on a 
pool of unknown sequences. By adding to the reassembly mixture oligonucleotides (with 
30 ends that are homologous to the sequences being reassembled) any sequence mixture can 
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be incorporated at any specific position into another sequence mixture. Thus, it is 
contemplated that mixtures of synthetic oligonucleotides, PCR polynucleotides or even 
whole genes can be mixed into another sequence library at defined positions. The 
insertion of one sequence (mixture) is independent from the insertion of a sequence m 
5 another part of the template. Thus, the degree of recombination, the homology requ.red, 
and the diversity of the library can be independently and simultaneously varied a.ong the 

lcn<nh of the reassembled DNA. 

This approach of mixing two genes may be useful for the humanizatton of 
antibodies from murine hybndomas. The approach of mixing two genes or inserting 
10 mutant sequences into genes may be useful for any thcrapeutica.ly used protein, for 
example, interleukin I. antibod.es, tPA, growth hormone, etc. The approach may also be 
us-M in any nucleic acid for example, promoters or introns or 3 1 untranslated region or 
5, untranslated regions of genes to increase expression or alter specificity of expression 
of protems. The approach may aJso be used to mutate ribozymes or aptamers. 

Shuffling requires the presence of homologous reg.ons separat.ng reg.ons of 
div-rsitv Scaffold-like protein structures may be particularly suitable for shuffling. The 
cons-ved scaffold determ.nes the overall folding by self-assocation, while d.splay.ng 
relatively unrestricted loops that mediate the specific binding. Examples of such 
sc^oldsarc the immunoglobulin bc.a-barrel. and the four-helix bundle which are well- 
20 know, in the an. This shuffling can be used to create scaffold-like proteins with various 
combinations of mutated sequences for binding. 

In Vitro Snuffling 

The equivalents of some standard genet.c matings may also be performed by 
shutting in v/rro. For example, a "molecular backcross" can be performed by repeatedly 
,5 mixing the mutant's nucleic acid with the wild-type nucleic acid while selecting for the 
mutations of interest. As in traditional breeding, this approach can be used to combine 
phenotypes from different sources into a background of choice. It is useful, for example, 
for the removal of neutral mutations that affect unselected characteristics (i.e. 
immunoecnicity). Thus it can be useful to determine which mutations in a protein are 
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involved in the enhanced biological activity and which are not, an advantage which 
cannot be achieved by error-prone mutagenesis or cassette mutagenesis methods. 

Large, functional genes can be assembled correctly from a mixture of small 
random polynucleotides. This reaction may be of use for the reassembly of genes from 
5 the highly fragmented DNA of fossils. In addition random nucleic acid fragments from 
fossils may be combined with polynucleotides from similar genes from related species. 

It is also contemplated that the method of this invention can be used for the 
in vitro amplification of a whole genome from a single cell as is needed for a variety of 
research and diagnostic applications. DNA amplification by PCR is in practice limited 
0 to a length of about 40 kb. Amplification of a whole genome such as that of £. coli (5,' 
000 kb) by PCR would require about 250 primers yielding 1 25 forty kb polynucleotides. 
This approach is not practical due to the unavailability of sufficient sequence data. On 
the other hand, random production of polynucleotides of the genome with sexual PCR 
cycles, followed by gel purification of small polynucleotides will provide a multitude of 
5 possible primers. Use of this mix of random small polynucleotides as primers in a PCR 
reaction alone or with the whole genome as the template should result in an inverse chain 
reaction with the theoretical endpoint of a single concatcmcr containing many copies of 
the genome. 

1 00 fold amplification in the copy number and an average polynucleotide size 
0 of greater than 50 kb may be obtained when only random polynucleotides are used. It 
is thought that the larger concatcmcr is generated by overlap of many smaller polynuc- 
leotides. The quality of specific PCP. products obtained using synthetic primers will be 
indistinguishable from the product obtained from unampltfied DNA. It is expected that 
this approach will be useful for the mapping of genomes. 
5 The polynucleotide to be shuffled can be produced as random or non-random 

polynucleotides, at the discretion of the practitioner. 

In Vivo Shumxrs. 

*In an embodiment of in vivo shuffling, the mixed population of the specific 
nucleic acid sequence is introduced into bacterial or cukaryotic cells under conditions 
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such that at least two different nucleic acid sequences are present in each host cell. The 
polynucleotides can be introduced into the host cells by a variety of different methods. 
The host cells can be transformed with the smaller polynucleotides using methods known 
in the art, for example treatment with calcium chloride. If the polynucleotides are 
5 inserted into a phage genome, the host cell can be transfected with the recombinant phage 
genome having the specific nucleic acid sequences. Alternatively, the nucleic acid 
sequences can be introduced into the host cell using eleclroporation, transfection, 
lipofection, biolistics, conjugation, and the like. 

In general, in this embodiment, the specific nucleic acids sequences will be 
10 present in vectors which are capable of stably replicating the sequence in the host cell. 
In addition, it is contemplated that the vectors will encode a marker gene such that host 
cells having the vector can be selected. Th.s ensures that the mutated specific nucleic 
acid sequence can be recovered after introduction into the host cell. However, i. is 
contemplated that the entire mixed population of the specific nucleic acid sequences need 
15 not be present on a vector sequence. Rather only a sufficient number of sequences need 
be cloned into vectors to ensure that after introduction of the polynucleotides into the 
host cells each host cell contains one vector having at least one specific nucleic acid 
sequence present therein. It is also contemplated that rather than having a subset of the 
population of the specific nucleic acids sequences cloned into vectors, this subset may 
20 be already stably integrated into the host cell. 

It has been found that when two polynucleotides which have regions of 
identity are inserted into the host cells homologous recombination occurs between the 
two polynucleotides. Such recombination between the two mutated specific nucleic acid 
sequences will result in the production of double or triple mutants in some Situations. 
25 It has also been found that the frequency of recombination is increased if 

some of the mutated specific nucle.c acid sequences are present on linear nucleic acid 
molecules. Therefore, in a preferred embodiment, some of the specific nucleic acid 
sequences are present on linear polynucleotides. 

After transformation, the host cell informants are placed under selection 
30 to identify those host cell transforms whi=h contain mutated specific nucleic acid 
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sequences having the qualities desired. For example, if increased resistance to a 
particular drug is desired then the transformed host cells may be subjected to increased 
concentrations of the particular drug and those transformants producing mutated proteins 
able to confer increased drug resistance will be selected. If the enhanced ability of a 
5 particular protein to bind to a receptor is desired, then expression of the protein can be 
induced from the transformants and the resulting protein assayed in a ligand binding 
assay by methods known in the art to identify that subset of the mutated population 
which shows enhanced binding to the ligand. Alternatively, the protein can be expressed 
in another system to ensure proper processing. 

10 Once a subset of the first rccombined specific nucleic acid sequences - 

(daughter sequences) having the desired characteristics are identified, they are then 
subject to a second round of recombination. 

In the second cycle of recombination, the rccombined specific nucleic acid 
sequences may be mixed with the original mutated specific nucleic acid sequences 

15 (parent sequences) and the cycle repeated as described above. In this way a set of second 
rccombined specific nucleic acids sequences can be identified which have enhanced 
characteristics or encode for proteins having enhanced properties. This cycle can be 
repeated a number of times as desired. 

It is also contemplated that in the second or subsequent recombination cycle, 

20 a backcross can be performed. A molecular baekcross can be performed by mixing the 
desired specific nucleic acid sequences wi;':i a large number of the wild-type sequence, 
such that at least one wild-type nucleic acid sequence and a mutated nucleic acid 
sequence arc present in the same host cell after transformation. Recombination with the 
wild-type specific nucleic acid sequence will eliminate those neutral mutations that may 

25 affect unselected characteristics such as immunogenicity but not the selected characteris- 
tics. 

In another embodiment of this invent; an, i: is contemplated that during the 
first round a subset of the specific nucleic acid sea-uences can be generated as smaller 
polynucleotides by slowing or halting their PCR amplification prior to introduction into 
30 the host cell. The size of the polynucleotides must be large enough to contain some 
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regions of identity with the other sequences so as to homologously recombine with the 
other sequences. The size of the polynucleotides will range from 0.03 kb to 100 kb more 
preferably from 0. 2 kb to 10 kb. It is also contemplated that in subsequent rounds, all 
of the specif.c nucleic acid sequences other than the sequences selected from the previous 
5 round may be utilized to generate PCR polynucleotides prior to introduction into the host 
cells. 

The shorter polynucleotide sequences can be single-stranded or dou- 
ble-stranded. If the sequences were originally single-stranded and have become double- 
stranded they can be denatured wi.h heat, chemicals or enzymes prior to insertion into 
10 the host cell. The reaction conditions suitable for separating the strands of nucleic acid 

are well known in the art. 

The steps of this process can be repeated indefinitely, being limited only by 

the number of possible mutants which dan be achieved. After a certain number of cycles. 

all possible mutants will have been achieved and further cycles are redundant. 
15 In an embodiment the same mutated template nucleic acid is repeatedly 

rccombincd and the resulting recombinants selected for the desired characteristic. 

Therefore, the initial pool or population of mutated template nucleic 

add is cloned into a vector capable of replicating in. a bactena such as E. coli. The 

particular vector is not essential, so long as it is capable of autonomous replication in E. 
20 coli. In a preferred embodiment, the vector is designed to allow the expression and 

production of any protein encoded by the mutated specific nucleic acid linked to the 

vector. It is also preferred that the vector contain a gene encoding for a selectable 

marker. 

The population of vectors containing the pool of mutated nucleic acid 
25 sequences is introduced into the E. coli host cells. The vector nucleic acid sequences 
may be introduced by transformation, transfecuen or infection in the case of phage. The 
concentration of vectors used to transform, the bacteria is such that a number of vectors 
is introduced into each cell. Or.ce present in the cell, the efficiency of homologous 
recombination is such that homologous recombination occurs between the various 
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vectors. This results in the generation of mutants (daughters) having a combination of 
mutations which differ from the original parent mutated sequences. 

The host cells arc then clonally replicated and selected for the marker gene 
present on the vector. Only those cells having a piasmid will grow under the selection. 
5 The host cells which contain a vector are then tested for the presence of 

favorable mutations. Such testing may consist of placing the cells under selective 
pressure, for example, if the gene to be selected is an improved drug resistance gene. If 
the vector allows expression of the protein encoded by the mutated nucleic acid 
sequence, then such selection may include allowing expression of the protein so encoded, 
10 isolation of the protein and testing of the protein to determine whether, for example, it- 
binds with increased efficiency to the ligand of i ntcrcsr. 

Once a particular daughter mutated nucleic acid sequence has been identified 
which confrs the desired characteristics, the nucleic acid is isolated either already linked 
to the vector or separated from the vector. This nucicic acid is then mixed with the first 
15 or parent population of nucleic acids and the cycle is repeated. 

It has been shown that by this method nucleic acid sequences having 
enhanced desired properties can be selected. 

In an alternate embodiment, the first generation of mutants are retained in the 
cells and the parental mutated sequences are added again to the cells. Accordingly, the 
20 firs: cycle of Embodiment I is conducted as described above. However, after the 
daughter nucleic acid sequences are identified, the host cells containing these sequences 
are retained. 

The parent mutated specific nucleic acid population, either as polynucleotides 
or cloned into the same vector is introduced into the host cells already containing the 
25 daughter nucicic acids. Recombination is allowed to occur in the cells and the next 
generation of recombinants, or granddaughters are selected by the methods described 
above. 

This cycle can be repeated a number of times until the nucleic acid or peptide 
having the-desired characteristics is obtained. I: is contemplated that in subsequent 
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cycles, the population of mutated sequences which are added to the preferred mutants 
may come from the parental mutants or any subsequent generation. 

In an alternative embodiment, the invention provides a method of conducting 
a "molecular" backcross of the obtained recombinant specific nucleic acid in order to 
5 eliminate any neutral mutations. Neutral mutations are those mutations which do not 
confer onto the nucleic acid or peptide the desired properties. Such mutations may 
however confer on the nucleic acid or peptide undesirable characteristics. Accordingly, 
it is desirable to eliminate such neutral mutations. The method of this invention provide 
a means of doing so. 

10 In this embodiment, after the mutant nucleic acid, having the desired 

characteristics, is obtained by the methods of the embodiments, the nucleic acid, the 
vector having the nucleic acid or the host cell containing the vector and nucleic acid is 

isolated. 

The nucleic acid or vector is then introduced into the host cell with a large 
15 excess of the wild-type nucleic acid. The nucleic acid of the mutant and the nucleic acid 
of the wild-type sequence are allowed to rccombinc. The resulting recombinants are 
placed under the same selection as the mutant nucleic acid. Only those recombinants 
which retained the desired characteristics will be selected. Any silent mutations which 
do not provide the desired characteristics will be lost through recombination with the 
20 wild-tvpe DNA. This cycle can be repeated a number of times until all of the silent 
mutations are eliminated. 

Thus the methods of this invention can be used in a molecular backcross to 

eliminate unnecessary or silent mutations. 



Utility 



25 The in vivo recombination method of this invention can be performed blindly 

on a pool of unknown mutants or alleles ct" a specific polynucleotide or sequence. 
However, it is not necessary to know the actual DNA or RNA sequence of the specific 
polynucleotide. 
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The approach of using recombination within a mixed population of genes can 
be useful for the generation of any useful proteins, for example, interleukin I, antibodies, 
t PA, growth hormone, etc. This approach may be used to generate proteins having 
altered specificity or activity. The approach may also be useful for the generation of 
5 mutant nucleic acid sequences, for example, promoter regions, introns, exons, enhancer 
sequences, 31 untranslated regions or 51 untranslated regions of genes. Thus this 
approach may be used to generate genes having increased rates of expression. This 
approach may also be useful in the study of repetitive DNA sequences. Finally, this 
approach may be useful to mutate ribozymes or aptamcrs. 

10 Scaffold-like regions separating regions of diversity in proteins may be. 

particularly suitable for the methods of Lhis invention. The conserved scaffold 
determines the overall folding by self-association, while displaying relatively unrestricted 
loops that mediate the specific binding. Examples of such scaffolds are the immunoglob- 
ulin beta barrel, and the four-helix bundle. The methods of this invention can be used 

15 to create scaffold-like proteins with various combinations of mutated sequences for 
binding. 

The equivalents of some standard genetic matings may also be performed by 
the methods of this invention. For example, a "molecular" backcross can be performed 
by repeated mixing of the mutant's nucleic acid with the wild-type nucleic acid while 
20 selecting for the mutations of interest. As in traditional breeding, this approach can be 
used to combine phenotypes from different sources into a background of choice. It is 
useful, for example, for the removal of neutral mutations that affect unselccted 
characteristics (i.e. immunogenic! ry). Thus it can be useful to determine which mutations 
in a protein are involved in the enhanced biological activity and which are not. 

25 Peptide Display Methods 

The present method can be used to shuffle, by in vitro and/or in vivo 
recombination by any of the disclosed methods, and in any combination, polynucleotide 
sequences selected by peptide display methods, wherein an associated polynucleotide 
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encodes a displayed peptide which is screened for a phenotype (e.g., for affinity for a 

predetermined receptor (ligand). 

An increasingly important aspect of bio-pharmaceutical drug development 
and molecular biology is the identification of peptide structures, including the primary 

5 amino acid sequences, of peptides or peptidemimetics that interact with biological 
macromolecules. one method of identifying peptides that possess a desired structure or 
functional property, such as binding to a predetermined biological macromolecule (e.g., 
a receptor), involves the screening of a large library or peptides for individual library 
members which possess the desired structure or functional property conferred by the 

10 amino acid sequence of the peptide. 

In addition to direct chemical synthesis methods for generating peptide 
libraries several recombinant DNA methods also have been reported. One type involves 
the display of a peptide sequence, antibody, or other protein on the surface of a 
bacteriophage particle or cel.. Generally, in ,r,r, methods each bacteriophage part.de 

,5 or cell serves as an individual library m=moc: ,, P lay,ng a single species of displayed 

. . ■ jj-.- - fUr» nntnnl b^i^oVr-: or cell protein sequences. Each 
peptide in addition to the natural Du.ij.cj.k.^ y 

• u „\\ rnnnins th- nucleotide sequence information encoding the 

bacteriophage or cell contains m*. nuL,^^. -> 4 

. i - i , ^ fir u c r n<Kn— it's t^c displayed peptide sequence can be 
particular displayed peptide scuul.Uw, i.i-b, l.^ y , 

ascertained by nucleotide sequence detonation of an isolated library member. 

20 A well-known peptide d.sphy rr.ethod involves the presentation of a pept.de 

seauence on the surface of a filamentous bacteriophage, typically as a fusion with a 

bacteriophage coat protein. The bacteriophage library can be incubated with an 

immobilized, predetermined macromoleculc or small molecule (e.g.. a receptor) so that 

bacteriophage panicles which present a peptide sequence that binds to the immobilized 

25 macromolecule can be differentially partitioned from those that do not present peptide 

sequences that bind to the predetermined macromolecule. The bacteriophage panicles 

(i.e., library members) which are bound „ f,-, immobilized macromolecule arc then 

recovered and replicated to amplify the se'.cted bacteriophage sub-population for a 

subsequent round of affinity enrichment anJ t:,;tc replication. After several rounds of 

30 affinity enrichment and phage replication, the bacteriophage library members that are 
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thus selected are isolated and the nucleotide sequence encoding the displayed peptide 
sequence is determined, thereby identifying the sequence(s) of peptides that bind to the 
predetermined macromolecule (e.g., receptor). Such methods are further described in 
PCT patent publication Nos. 91/17271, 91/18980, and 91/19818 and 93/08278. 



display of peptide ligands that involves the production of a library of fusion proteins with 
each fusion protein composed of a first polypeptide portion, typically comprising a 
variable sequence, that is available for potential binding to a predetermined macromole- 
cule, and a second polypeptide portion that binds to DNA, such as the DNA vector 

10 encoding the individual fusion protein. When transformed host cells are cultured under... 
conditions that allow for expression of the fusion protein, the fusion protein binds to the 
DNA vector encoding it. Upon lysis of the host cell, the fusion protein/vector DNA 
complexes can be screened against a predetermined macromolecule in much the same 
way as bacteriophage particles are screened in the phagc-bascd display system, with the 

1 5 replication and sequencing of the DNA vectors in the selected fusion protein/vector DNA 
complexes serving as the basis for identification of the selected library peptide 
scquencc(s). 



aspects of both the recombinant and in vitro chemical synthesis methods. In these hybrid 
20 methods, eel I -free enzymatic machinery is employed to accomplish the in vitro synthesis 
of the library members (i.e., peptides o: polynucleotides). In one type of method, RNA 
molecules with the ability to bind a predetermined protein or a predetermined dye 
molecule were selected by alternate rounds of selection and PCR amplification (Tuerk 
and Gold (1990) Science 249: 505, Ellington and Szostak (1990) Nature 346: 818). A 
25 similar technique was used to identify' DNA sequences which bind a predetermined 
human transcription factor (Thiesen and Bach (1990) Nucleic Acids Res . 18: 3203; 
Beaudry and Joyce ft 992) Science 257; 635; PCT patent publication Nos. 92/05258 and 
92/14843). In a similar fashion, the technique of in vitro translation has been used lo 
synthesizc-protcins of interest and has been proposed as a method for generating large 
30 libraries of peptides. These methods which rely upon in vitro translation, generally 



5 



The latter PCT publication describes a recombinant DNA method for the 



Other systems for generating libraries of peptides and like polymers have 
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comprising stabilized polysome complexes, are described further in PCT patent 
publication Nos. 88/08453, 90/05785, 90/07003, 91/02076, 91/05058. and 92/02536. 
Applicants have described methods in which library members comprise a fusion protein 
having a first polypeptide portion with DNA binding activity and a second polypeptide 

5 portion having the library member unique peptide sequence; such methods arc suitable 
for use in cell-free in vitro selection formats, among others. 

The displayed peptide sequences can be of varying lengths, typically from 
3-5000 amino acids long or longer, frequently from 5-100 amino acids long, and often 
from about 8-15 amino acids long. A library can comprise library members havmg 

10 varying lengths of displayed peptide sequence, or may comprise library members havmg 
a fixed length of displayed pept.de sequence. Port.ons or all of the displayed pcpt.de 
sequencc(s) can be random, pseudorandom, denned set kemal. fixed, or the like. Ihe 
present disolay methods include methods for in :::ro and in vivo display of single-cham 
antibodies, such as nascent scFv on polysomes or scfv displayed on phage, which enable 

15 large-scale screening of scfv libraries having broad diversity of variable region sequences 

and binding specificities. 

The present invention also provide, random, pseudorandom, and defined 
sequence framework peptide libra.es ar.d methods for generating and screening those 

-c Rinnmn^ft- nc^tides including single-chain antibodies) 
libraries to identify useful compound* ^. b -> P^- 1 ^' 

,0 that bind to receptor molecules or epitopes of merest o: gene products that modify 
p , p ,d~sor RNA in a desired fashion. Tr, random, pseudorandom, and defined sequence 
f-amework peptide, are produced from libraries of pept.de library members that com F ns= 
displayed peptides or displayed s.ngle-cha.n antibodies attached ,0 a poly.ucleot.de 
template from which the displayed peptide was synthesized. The mode of attachment 
25 may vary according to the specific embodiment of the invention selected, and can mclude 
encapsulation in a phage particle or incorporation in a cell. 

A method of affinity enrichment allows a very large library of peptides and 
sinsle-chain ant.bod.es to be screened ar.d th= polynucleotide sequence encoding the 
desired pcptide(s) or single-chain antibod.es to be selected. The polymuc.eot.de can then 
30 be isolated and shuffled to recombine combinatorial the arnino acid sequence of the 
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selected peptide(s) (or predetermined portions thereof) or single-chain antibodies (or just 
VHI, VLI or CDR portions thereof)- Using these methods, one can identify a peptide or 
single-chain antibody as having a desired binding affinity for a molecule and can exploit 
the process of shuffling to converge rapidly to a desired high-affinity peptide or sefv. 
5 The peptide or antibody can then be synthesized in bulk by conventional means for any 
suitable use (e.g., as a therapeutic or diagnostic agent). 

A significant advantage of the present invention is that no prior information 
regarding an expected ligand structure is required to isolate peptide ligands or antibodies 
of interest. The peptide identified can have biological activity, which is meant to include 

10 at least specific binding affinity for a selected receptor molecule and, in some instances,, 
will further include the ability to block the binding of other compounds, to stimulate or 
inhibit metabolic pathways, to act as a signal or messenger, to stimulate or inhibit cellular 
activity, and the like. 

The present invention also provides a method for shuffling a pool of 

15 polynucleotide sequences selected by affinity screening a library of polysomes displaying 
nascent peptides (including single-chain anybodies) for library members which bind to 
a predetermined receptor (e.g., a mammalian proteinaceous receptor such as, for 
example, a peptidergic hormone receptor, a ceil surface receptor, an intracellular protein 
which binds to other protein(s) to form intracellular protein complexes such as hctcro- 

20 dimcrs and the like) or epitope (e.g., an immobilized protein, glycoprotein, oligosaccha- 
ride, and the like). 

Polynucleotide sequences selected in a firs' selection round (typically by 
affinity selection for binding to a receptor (e.g., a ligand)) by any of these methods arc 
pooled and the pool(s) is/arc shuffled by />; vitro and/or in vivo recombination to produce 

25 a shuffled pool comprising a population of recombincd selected polynucleotide 
sequences. The recombined selected polynucleotide sequences are subjected to at least 
one subsequent selection round. The polynucleotide sequences selected in the 
subsequent selection round(s) can be used directly, sequenced, and/or subjected to one 
or more additional rounds of shuffling and subsequent selection. Selected sequences can 

30 also be back-crossed with polynucleotide sequences encoding neutral sequences (i.e., 
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having insubstantial functional effect on binding), such as for example by back-crossmg 
with a wild-type or naturally-occumng sequence substantially identical to a selected 
sequence to produce native-like functional peptides, which may be less immunogenic. 
Generally, dunng back-crossing subsequent selection is applied to retain the property of 
5 binding to the predetermined receptor (ligand). 

Prior to or concomitant with the shuflling of selected sequences, the 
sequences can be mutagenized. In one embodiment, selected library members are cloned 
in a prokaryotic vector (e.g., plasmid, phagemid, or bactenophage) wherein a collect™ 
of individual colonies (or plaques) representing discrete library members are produced. 
10 Individual selected library members can then be manipulated (e.g., by Sitcdirccted 
mut. e ene«s. cassette mutagenesis, chemical mutagenesis, PGR mutagenesis, and ,7k 
like) to generate a collection of library members representing a kcrnal of sequence 
diversity based on the sequence of the selected library member. The sequence of an 
individual selected library member or poo. car. be manipulated to incorporate random 
15 mutauon. pseudorandom mutation, defined kerr.al mutation (i.e.. comprising variant and 
invariant residue positions and/or comprising variant residue positions which can 
compnse a residue selected from a defined subset of amino acid residues), codon-based 
mutation and the like, either segmental* or over the entire length of the individual 
s-Lcted library member sequence. Tne mutagenized selected library members are then 
,0 shumcd by in v/fro and/or /„ ™o ^combinatorial shuflling as disclosed herein. 

Th«* invention also provdes peptide libraries comprising a plurality of 
individual library members of the invention, wherein (I) each individual library member 
of said plurality comprises a sequence produced by shuffling of a pool of selected 
sequences and (2) each individual library member comprises a variable peptide segment 
25 sequence or stng.e-cha.n antibody segment sequence which is distinct from the variable 
peptide segment sequences or single-chain antibody sequences of other individual library 
members in said plurality (although some library members may be present tn more than 
one copy per library due to uneven amplification, stochastic probability, or the hkc). 

The invention also provides a product-by-process, where.n selected 
30 polynucleotide sequence, having (or encoding a peptide having) a predetermined binding 
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specificity arc formed by the process of: (1) screening a displayed peptide or displayed 
single-chain antibody library against a predetermined receptor (e.g., ligand) or epitope 
(e.g., antigen macromolecuie) and identifying and/or enriching library members which 
bind to the predetermined receptor or epitope to produce a pool of selected library 

5 members, (2) shuffling by recombination the selected library members (or amplified or 
cloned copies thereof) which binds the predetermined epitope and has been thereby 
isolated and/or enriched from the library to generate a shuffled library, and (3) screening 
the shuffled library against the predetermined receptor (e.g., ligand) or epitope (e.g., 
antigen macromolecuie) and identifying and/or enriching shuffled library members which 

0 bind to the predetermined receptor or epitope to produce a pool of selected shuffled - 
library members. 

Antibody Display and Screening Methods 
The present method can be used to shuffle, by in vitro and/or in vivo 
recombination by any of the disclosed methods, and in any combination, polynucleotide 
5 sequences selected by antibody display methods, wherein an associated polynucleotide 
encodes a displayed antibody which is screened for a phenotype (e.g., for affinity for 
binding a predetermined antigen (ligand) 

Various molecular genetic approaches have been devised to capture the vast 
immunological repertoire represented by the extremely large number of distinct variable 
0 regions which can be present in immunoglobulin chains. The naturally-occurring germ 
line immunoglobulin heavy chain locus is composed of separate tandem arrays of 
variable segment genes located upstream of a tandem array of diversity segment genes, 
which are themselves located upstream of a tandem array of joining (i) region genes, 
which are located upstream of the constant region genes. During B lymphocyte 
development, V-D-J rearrangement occurs wherein a heavy chain variable region gene 
(VH) is formed by rearrangement to form a fused O segment followed by rearrangement 
with a V segment to form a V-D-J joined product gene which, if productively rearranged, 
encodes afunctional variable region (VII) of a heavy chain. Similarly, light chain loci 
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rearrange one of several V segments with one of several J segments to form a gene 
encoding the variable region (VL) of a light chain. 

The vast repertoire of variable regions possible in immunoglobulins derives 
in part from the numerous combinatonal possibilities of joining V and i segments (and, 

5 in the case of heavy chain loci, D segments) during rearrangement in B cell development. 
Additional sequence diversity in the heavy chain variable regions anses from 
non-uruform rearrangements of the D segments during V-D-J joining and from N reg.on 
addition. Further, antigen-selection of specific B cel. Cones se.ects for higher affinity 
variants having non-germlinc mutations in one or both of the heavy and light cha.n 

10 variable regions; a phenomenon referred to as "affinity maturation" or "affimty 
sharpening". Typically, these "affinity sharpening" mutations cluster in specfic areas 
of the variable region, most commonly in the complementarity-determining regions 
(CDRs) 

,„ order .0 overcome many of ,he linrteions in producing and rdcnrrry.ng 
,5 nrvh-afT.nr.y rmmunoglobuims .hrougn uO^Hmtmi I «» 

Jmuni^ion). vanous propone express systems have been deveioped ,ha. can be 
„a„,pula,cd to produce comb.nau,™. «<•» * «~»* fe 

hrcn-affimry -ribodres ,o specific ardgen, Recem advances in ,bc e*pres,on o f 
nnubodrcs ,n Escherichia coli a,d bac,=no P na E = systems te . "Ahemariv. Peprrde 

■ - m. -.^ r,r,<;nbilitvthM virtually any specificity can be 
^0 Display Methods", intra) have raided ...-pos.iDi.it> m-i j 

i ■ „ -,n-',hadv — - rom characterized hybridomas or by de novo 
obtained by eitncr cloning antibod) ^..-j r.o.n uio. 

selection using antibody gene libraries (e.g., from Ig CDNA). 

Combinatonal libraries of ar.tibodies have been generated in bactenophage 
lambda expression systems which may be screened as bactenophage plaques or as 
25 colonies of lysogens (Huse et al. (1989) S^2^ 1 275; Caton and Koprows.i (1990) 
p^^^^ Natl. Acad. Sc. 

(USA) 87j. 8095; Persson et al. (.99.) Vj^M^^m^AAm 2432). 
Vanous embodiments of bactenophage nobody display libranes and lambda phage 
expression libranes have been described (Rang et al. (1991) P^NatL^ad^ 
30 (US^m 4363; Clackson et al. (1991) Nature 352: 624; McCafferty et al. (1990) 
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Nature 348: 552; Burton ct al. ( 1 99 1 ) Proc. Natl- Acad. Sci. (U.S.A.) 88: 10134; 
Hoogenboom et al. (1991) Nucleic Acids Res . 19: 4133; Chang el al. (1991) J. Immunol . 
147: 3610; Breitling et al. (1991) Gene 104: 147; Marks et al. (1991) J. Mol. Biol. 
222(g): 581 ; Barbae et al. (1 992) Proc. Natl. Acad. Sci. (U.S.A.) 89: 4457; Hawkins and 
5 Winter (1992) J. Immunol. 22: 867; Marks et al. (1992) Biotechnology 10: 779; Marks 
etal. (1992) J. Biol- Chem. 267: 16007; Lowman ct al (1990 Biochemistry 30: J0832; 
Lcrner et al. (1992) Science. 258: 1313, incorporated herein by reference). Typically, a 
bacteriophage antibody display library is screened with a receptor (e.g., polypeptide, 
carbohydrate, glycoprotein, nucleic acid) that is immobilized (e.g., by covalent linkage 

10 to a chromatography resin to enrich for reactive phage by affinity chromatography)- 
and/or labeled (e.g., to screen plaque or colony lifts). 

One particularly advantageous approach has been the use of so-called 
single-chain fragment variable (scfv) libraries (Mirks et al. (1992) Biotechnology 10: 
779; Winter G and Milstcin C (1991) Nature 349: 293; Ciackson et al. (1990 op. cit.i 

15 Marks et al. (1991) J. Mol. Biol. 222: 5S1; Chaudhary ct al. (1990) Proc Natl. Acad. 
Sci. flJSA) 87: 1 066; Chiswcll et al. ( 1 992) TIBTHCH 1 0: 80; McCafferty ct al. ( 1 990) 
op.cit.; and Huston et al- (1988) Proc. Natl. Acad. Sci. (USA) 85: 5879). Various 
embodiments of scfv libraries displayed or: bacteriophage coat proteins have been 
described. 

20 Beginning in 193S, single-chain analogues ofFv fragments and their fusion 

proteins have been reliably generated by antibody engineering methods. The first step 
generally involves obtaining the genes encoding VH and VL domains with desired 
binding properties; these V genes may be isolated from a specific hybridoma cell line, 
selected from a combinatorial V-genc library, or made by V gene synthesis. The 

25 single-chain Fv is formed by connecting the component V genes with an oligonucleotide 
that encodes an appropriately designed linker peptide, such as (Gly-Gly-Gly-Gly-Scr)3 
or equivalent linker peptide(s). The linker bridges the C-terminus of the first V region 
and "N-tcrminus of the second, ordered a.s either VH-itnker-VL or VL-linker-VH' In 
principle, the scfv binding site can faithfully replicate both the affinity and specificity of 

30 its parent antibody combining site. 
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Thus, scfv fragments are comprised of VH and VL domains linked into a 
single polypeptide chain by a flexible linker peptide. After the scfv genes are assembled, 
they are cloned into a phagemid and expressed at the tip of the M13 phage (or similar 
filamentous bacteriophage) as fusion proteins with the bacteriophage Pill (gene 3) coal 
5 protein. Enriching for phage expressing an antibody of interest is accomplished by- 
panning the recombinant phage displaying a population scfv for binding to a predeter- 
mined epitope (e.g., target antigen, receptor). 

The linked polynucleotide of a library member provides the basis for 
replication of the library member after a screening or selection procedure, and also 
10 provides the basis for the determination, by nucleotide sequencing, of the identify of the 
displayed peptide sequence or VH and VI. amino acid sequence. The displayed peptide 
(s) or single-chain antibody (e. g., scfv) and/or its VH and VL domains or their CDRs can 
be cloned and expressed in a suitable expression system, often polynucleotides encoding 
the isolated VH and VL domains will be ligatcd to polynucleotides encoding constant 
15 regions (CH and CL) to form polynucleotides encoding complete antibodies (e.g., 
chimeric or fully-human), antibody fragments, and the like. Often polynucleotides 
encoding the isolated CDRs will be grafted into polynucleotides encoding a suitable 
variable region framework (and optionally constant regions) to form polynucleotides 
encoding complete antibodies (e.g.. humanized or fully-human), antibody fragments, and 
20 the like. Antibodies can be used to isolate preparative quantities of the antigen by 
immunoaffmity chromatography. Various other uses of such antibodies are to diagnose 
and/or stage disease (e.g., neoplasia) and for therapeutic application to treat disease, such 
as for example: neoplasia, autoimmune disease, AIDS, cardiovascular disease, infections, 
and the like. 

25 Various methods have been reported for increasing the combinatorial 

diversity of a scfv library to broaden the repertoire of binding species (idiotype 
spectrum) The use of PCR has permitted the varir-.bic regions to be rapidly cloned either 
from a specific hybridoma source or as a rer.e library from non-immunized cells, 
affording combinatorial diversity in the assorur.en: of VH and VL cassettes which can 

30 be combined. Furthermore, the VH and VL cassettes can themselves be diversified, such 
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as by random, pseudorandom, or directed mutagenesis. Typically, VH and VL cassettes 
arc diversified in or near the complementarity-determining regions (CDRS), often the 
Uiird CDR, CDR3. Enzymatic inverse PCR mutagenesis has been shown to be a simple 
and reliable method for constructing relatively large libraries of scfv site-directed 
5 mutants (Stemrner et al. (1993) Biotechniques 14: 256), as has error-prone PCR and 
chemical mutagenesis (Deng et al. (1994) J. Biol. Chem. 269: 953 3). Ricchmann et al. 
H993) Biochemistry 32: 8848 showed semi-rationa! design of an antibody scfv fragment 
using site-directed randomization by degenerate oligonucleotide PCR and subsequent 
phage display of the resultant scfv mutants. Barbas et al. (1992) on.cit . attempted to 

10 circumvent the problem of limited repertoire sizes resulting from using biased variable, 
region sequences by randomizing the sequence in a synthetic CDR region of a human 
tetanus toxoid-binding Fab. 

CDR randomization has the potential to create approximately 1 x 1 0 :o CDRs 
for the heavy chain CDR3 alone, and a roughly similar number of variants of the heavy 

15 chain CDR1 and CDR2, and light chain CDRi-3 variants. Taken individually or 
together, the combination possibilities of CDR randomization of heavy and/or light 
chains requires generating a prohibitive number of bacteriophage clones to produce a 
clone library representing all possible combinations, the vast majority of which will be 
non-binding. Generation of such large numbers of primary transformants is not feasible 

20 with current transformation technology and bacteriophage display systems. For example. 
Barbas et al. (1992) op.cit . only generated 5 x 10' transformants, which represents only 
a tiny fraction of the potential diversity of a library of thoroughly randomized CDRS. 

Despite these substantial limitations, bacteriophage, display of scfv have 
already yielded a variety of useful antibodies and antibody fusion proteins. A bispecific 

25 single chain antibody has been shown to mediate efficient tumor cell lysis (Gruber et al. 
(1994) J. Immunol . 1 52: 5368). Intracellular expression of an anti-Rev scfv has been 
shown to inhibit HIV-1 virus replication in vitro (Duan ct al. (1994) Proc. Natl. Acad. 
Sci. (USA) 91 : 5075), and intracellular expression of an anti-p21rar, scfv has been shown 
to inhibit meiotic maturation of Xenopus oocytes (Biocca et al. (1993) Biochem. 

30 Bioshvs. Res. Commun . 197: 422. Recombinant scfv which can be used to diagnose 
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HIV infection have also been reported, demonstrating the diagnostic utility of scfv 
(Lillev et al. (1994) t t^,,nr,l Meth.. 171:211). Fusion proteins wherein an scFv is 
linked to a second polypeptide, such as a toxin or fibrinolytic activator protein, have also 
been reported (Holvost c. al. (1992) Euj^i^^lO: 945; Nicholls et al. (1993) J. 

5 Biol. Chem. 268: 5302). 

If it were possible to generate scfv libraries having broader antibody diversity 
and overcoming many of the limitations of conventional CDR mutagenesis and 
randomization methods which can cover only a very tiny fraction of the potential 
sequence coronations, the number and quality of scfv antibodies suitable for therapeutic 

,0 and diagnostic use could be vastly improved To address this, the in Vara and in vivo 
shuffling methods of the invention are used to recombine CDRs which have been 
obtained (typicallv via PCR amplication orcloning) from nucleic acids obtained from 
selected displayed antibodies. Such displayed antibodies can be displayed on cells, on 
bacteriophage particles, on polysomes, or any suitable antibody display system wherein 

15 the antibody is associated with its encoding nu-tc acid(s). In a variation, the CDRs are 
initially obtained from mRNA (or cDNA) from antibody-producing cells (e.g., plasma 
ccl.s/splenocyics from an immunized w,ld-ty P e mouse, a human, or a transgenic mouse 

u j in u'fiQ">/m91S W093/12227, and 
capable of making a human antibod;. a, m W092/UJV16. 

W094/25585), including hybridomas derived therclrom. 
20 Polynucleotide sequences selected in a first selection round (typically by 

affinity selection for displayed antibody binding to an antigen (e.g., a ligand) by any of 
these methods are pooled and the pool(s) is/are shuffled by in vara and/or in vivo 
rccombinaUon, especially shuffling of CDRs (typically shuffling heavy chain CDRs with 
other heavy chain CDRs and light chain CDRs with other light chain CDRS) to produce 
25 a shuffled pool comprising a population of recombined selected polynucleotide 
sequences. The recombined selected polynucleotide sequences are expressed in a 
selection format as a displayed antibody a,.! subjected to at least one subsequent 
selection round. T7ie polynucleotide sequels selected in the subsequent selection 
round(s) can be used directly, sequenced, a:-. ..Lor subjected to one or more additional 
30 rounds of shuffling and subsequent selection until an antibody of the desired binding 
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affinity is obtained. Selected sequences can also be back-crossed with polynucleotide 
sequences encoding neutral antibody framework sequences (i.e., having insubstantial 
functional effect on antigen binding), such as for example by back-crossing with a human 
variable region framework to produce human-like sequence antibodies. Generally, 
5 during back-crossing subsequent selection is applied to retain the property of binding to 
the predetermined antigen. 

Alternatively, or in combination with the noted variations, the valency of the 
target epitope may be varied to control the average binding affinity of selected scfv 
library members. The target epitope can be bound to a surface or substrate at varying 

10 densities, such as by including a competitor epitope, by dilution, or by other method - 
known to those in the art. A high density (valency) of predetermined epitope can be used 
to enrich for scfv library members which have relatively low affinity, whereas a low 
density (valency) can preferentially enrich for higher affinity scfv library members. 

For generating diverse variable segments, a collection of synthetic 

15 oligonucleotides encoding random, pseudorandom, or a defined sequence kemal set of 
peptide sequences can be inserted by ligation into a predetermined site (e.g., a CDR). 
Similarly, the sequence diversity of one or more CDRs of the single-chain antibody 
cassette(s) can be expanded by mutating the CDR(s) with site-directed mutagenesis, 
CDR-repIaccmcnt, and the like. The resultant DNA molecules can be propagated in a 

2 r : host for cloning and amplification prior to shuffling, or can be used directly (i.e.. may 
avoid loss of diversity which may occur upon propagation in a host cell) and the selected 
library members subsequently shuffled. 

Displayed peptide/polynucleotide complexes (library members) which encode 
a variable segment peptide sequence of interest or a sir.glc-chain antibody of interest arc 

25 selected from the library by an affinity enrichment technique. This is accomplished by 
means of a immobilized macromoleculc or epitope specific for the peptide sequence of 
interest, such as a receptor, other macromoleculc. or other epitope species. Repeating 
the affinity selection procedure provides an enrichment of library members encoding the 
desired sequences, which may then be isolated for pooling and shuffling, for sequencing, 

30 and/or for further propagation and affinity enrichment. 
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The library members without the desired specificity are removed by washing. 
The degree and stringency of washing required will be determined for each peptide 
sequence or single-chain antibody of interest and the immobilized predetermmed 
macromo.ecule or epitope. A certain degree of control can be exerted over the bmd.ng 
5 characteristics of the nascent P e P tide/DNA complexes recovered by adjusting the 
conditions of the binding incubation and the subsequent washing. The temperature, pH. 
ionic strength, divalent cations concentration, and the volume and duration of the 
washing will select for nascent pe P tide/DNA complexes within particular ranges of 
affinity for the immobilized macromolecu.e. Selection based on slow dissociate rate. 
10 which is usually predictive of high affinity, is often the most practical route. Th.s may- 
be done either by continued incubation in the presence of a saturating amount of free 
p.determmed macromo.ecule, or by increasing the volume, number, and length of the 
was h-s in each case, the rebinding of dissociated nascent peptide/DNA or peptide/RNA 
complex is prevented, and with increasing tun, nascent pcptide/DN A or pcpt.de/RNA 
15 complexes of higher and higher affinity arc recovered. 

Additional mediations of the binding and washing procedures may be 
apolied to find peptides with specia, characteristics. The affinities of some peptides are 
deoendent on ionic strength or cation concentration. This is a useful characteristic for 
Peptides that will be used in affinity purification of various proteins when gentle 
90 conditions for removing the proton from the peptides are required. 

One variation involves the use of multiple binding targets (multiple epitope 
species multiple receptor species), such that a scfv library can be simultaneously 
screened for a multiplicity- of scfv which have different binding specificities. Given that 
the size of a scfv library often limits the diversity of potential scfv sequences, it ,s 
25 typically desirable to us scfv libraries of as large a size as possible. The time and 
economic considerations of generating a number of very large polysome scFv-d.splav 
libranes can become prohibitive. To avoid this substantial problem, multiple predeter- 
mined epitope species (receptor species) can be concomitantly screened in a Single 
iibrary or sequential screening against a number of epitope species can be used. In one 
30 variation, multiple target epitope species, each encoded on a separate bead (or subset of 
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beads), can be mixed and incubated with a polysome-display scfv library under suitable 
binding conditions. The collection of beads, comprising multiple epitope species, can 
then be used to isolate, by affinity selection, scfv library members. Generally, 
subsequent affinity screening rounds can include the same mixture of beads, subsets 
5 thereof, or beads containing only one or two individual epitope species. This approach 
affords efficient screening, and is compatible with laboratory automation, batch 
processing, and high throughput screening methods. 

A variety of techniques can be used in the present invention to diversify a 
peptide library or single-chain antibody library, or to diversify, prior to or concomitant 

10 with shuffling, around variable segment peptides found in early rounds of panning to - - 
have sufficient binding activity to the predetermined macromolcculc or epitope. In one 
approach, the positive selected peptide/polynucleotide complexes (those identified in an 
early round of affinity enrichment) are sequenced to determine the identity of the active 
peptides. Oligonucleotides axe then synthesized based on these active peptide sequences, 

15 employing a low level of all baies incorporated a: each step to produce slight variations 
of the primary oligonucleotide sequences. This mixture of (slightly) degenerate 
oligonucleotides is then cloned into the variable segment sequences at the appropriate 
locations. This method produces systematic, controlled variations of the starting peptide 
sequences, which can then be shuffled, h requires, however, that individual positive 

20 nascent peptide/polynucleotide complexes be sequenced before mutagenesis, and thus 
is useful for expanding the diversity of small numbers of recovered complexes and 
selecting variants having higher binding affinity and/or higher binding specificity. In a 
variation, mutagenic PCR amplification of positive selected peptide/polynucleotide 
complexes (especially of the variable region sequences, the amplification products of 

25 which are shuffled in vitro and/or in vivo and one or more additional rounds of screening 
is done prior to sequencing. The same genera! approach can be employed with 
single-chain antibodies in order to expand the diversity and enhance the binding 
affinity/specificity, typically by diversifying CDF.s or adjacent framework regions prior 
to or concomitant with shuffling. If desired, shuffling reactions can be spiked with 

30 mutagenic oligonucleotides capable of in vitro recombination with the selected library 
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members can be included. Thus, mixtures of synthetic oligonucleotides and PCR 
produced polynucleotides (synthesized by error-prone or high-fidelity methods) can be 
added to the in vitro shuffling mix and be incorporated into resulting shuffled library 

members (shufflants). 

5 The present invention of shuffling enables the generation of a vast library of 

CDR-variant single-chain antibodies. One way to generate such antibodies is to insert 
synthetic CDRs into the single-chain antibody and/or CDR randomization prior to or 
concomitant with shuffling. The sequences of the synthetic CDR cassettes are selected 
by referring to known sequence data of human CDR and are selected in the discrct.on of 
,0 the practitioner according to the following guidelines: synthetic CDRs will have a, least 
40 percent positional sequence identity to known CDR sequences, and preferably w,ll 
have at least 50 to 70 percent positional sequence identity to known CDR sequences. 
For example, a collection of synthetic CDR sequences can be generated by synthesizing 
a collection of oligonucleotide sequences on the basis of naturally-occurring human CDR 
15 sequences listed in Kabat et al. (199 1) co_o, ; th= pool (s) of synthetic CDR sequences 
are calculated to encode CDR peptide sequences having at least 40 percent sequence 
identity to at least one know, naturally-occumng human CDR sequence. Alternatively, 
a collection, of naturally-occurring CDR sequences may be compared to generate 
consensus sequences so that amino acids used at a residue position frequently (i.e.. in a. 

r i nip C pnn-r-"0 incorporated into the synthetic CDRs at 

20 least 5 percent of known CUK sequ-r.-^j i.n-u.yu. 

■■ f\ T,T,;--,u.. cpvp nlf- c 3 to about 50) known CDR 
the corresponding position(s). Typical!.,, s-ved (w.g., j ^ a i 

sequences are compared and observed natural sequence variations between the known 
CDRs arc tabulated, and a collection of oligonucleotides encoding CDR peptide 
sequences encompassing all or most permutations of the observed natural sequence 
25 variations is synthesized. For example but not for limitation, if a collection of human VH 
CDR sequences have carboxy-termma! amino acids which are either Tyr. Val, Phe, or 
Asp, then the pool(s) of synthetic CDR oligonucleotide sequences are designed to allow 
the carboxy-terminal CDR residue to be any of these amino acids. In some embodi- 
ments', residues other than those which naturally-occur at a residue position in the 
30 collection of CDR sequences are incorporated: conservative amino acid substitutions are 
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frequently incorporated and up to 5 residue positions may be varied to incorporate 
non-conservative amino acid substitutions as compared to known naturally-occurring 
CDR sequences. Such CDR sequences can be used in primary library members (prior 
to first round screening) and/or can be used to spike in vitro shuffling reactions of 

5 selected library member sequences. Construction of such pools of defined and/or 
degenerate sequences will be readily accomplished by those of ordinary skill in the an. 

The collection of synthetic CDR sequences comprises at least one member 
that is not known to be a naturally-occurring CDR sequence. It is within the discretion 
of the practitioner to include or not include a portion of random or pseudorandom 

10 sequence corresponding to N region addition in the heavy chain CDR; the N region, 
sequence ranges from 1 nucleotide to about 4 nucleotides occurring at V-D and D-J 
junctions. A collection of synthetic heavy chain CDR sequences comprises at least about 
100 unique CDR sequences, typically at least about 1,000 unique CDR sequences, 
preferably at least about 10,000 unique CDR sequences, frequently more than 50,000 

15 unique CDR sequences; however, usually not mere than about 1x10 6 unique CDR 
sequences are included in the collection, although occasionally 1 x 107 to 1 X108 unique 
CDR sequences are present, especially if conservative amino acid substitutions arc 
permitted at positions where the conservative amino acid substituent is not present or is 
rare (i.e., less than 0.1 percent) in that position in naturally-occurring human CDRS. In 

20 general, the number of unique CDR sequences included in a library should no: exceed 
the expected number of primary trans foments in the library by more than a factor of 10. 
Such sinsle-chain antibodies generally bind of about at least 1 x 1 0 m-, preferably with 
an affinity of about at least 5x10 (superscript 7) M-l , more preferably with an affinity 
of at least 1x10 (superscript 8) M-l to 1 x 10 (superscript 9) M-l or more, sometimes 

25 up to 1 x 10 (superscript 10) M-l or more. Frequently, the predetermined antigen is a 
human protein, such as for example a human cell surface antigen (c. g., CD4, CD8, IL-2 
receptor, EGF receptor, PDGF receptor), other human biological macromolecule (e.g., 
thrombomodulin, protein C, carbohydrate antiecr.. sialyl Lewis antigen, Lselcctin), or 
nonhuman disease associated macromolecule (e. g f bacterial LPS, virion capsid protein 
30 or envelope glycoprotein) and the like. 



* WO 98/01581 



PCT/US97/12239 



59 



Hi 8 h affinity s,ng.=-chain an.ib.dte of ,he des.red specfici.y can be 
engineered a.d expressed in a varie.y of sys,cms. For e>a„,p.=, scfv have been produced 
in pian.s (Fire* e, al. (.993, ZtaLMsL^Ui «» - « 
P r„ k a W o.ic sys.ems (Owens RJ and Young RJ (.994, . 
5 LonSandBirdREtWOMs^^OVW. thornier, .he srngie.ha.n 

an,ibodies ean be used as a basis for consuming whoic an.ibodies o, various fa^nB 
lht rc„f (Keuieborough e, ai. (.99,, Eu^nO^ ^ ™< «*■ ^ 
encoding s=,uenc= may be isoia.ed (e, . b, PC* ampUf.eaUon o, 

,0 seouencc an.ibody nrore suhable fo, hn.nan ,hcrap».ic uses where .mnrunogen.cuy ,s 
pi*., ™»n,L«d. The p„ynu=,eo,ide(s, ha.ng .he resui.an, M., hu.an encod.ng 

, j in n hns' cd! (ce from an expression vector in a 

sequencc(s) can be expressed in a hos-. cc.l l~.g-, 

mammalian cell) and purified for pharmaceutical formulation. 

The DNA expression consols Really include an expression control 

w, r t ,rl to th~ cod.n^ sccuences, including naturally-associated 
15 DNA sequence operably linked to th.coa.n,. . 

, olnns Pr-f-ablv the expression control sequences w.ll be 

or heterologous promoter regions. Pr.t_.aDi,. w 

eu ,a,o„= promorer sys.err. In vee.ors capabic of «»*™* « 
cuk „yo,,c bos, ce„s. Once ,h= vecor has ^ ,n-o„po,a,cd ,„,o .he appropr.a.e 0 
,e bos, is gained unfcr con^o.s scab, for high ,ev=, express,, of ,h 
,0 nucieondc sequences, and .he ^ «* V*<*«°» * *« — ' — ' 



antibochc 



4s stated previously, the DNA sequences will be expressed in hos, after the 

fences have been operably linked to an expression control sequence (i.e., positioned 

.Cure the transition and translation of the statural gene). These expression 

• ,i„ r ,nHcable in the host organisms either as episomes or as an integral 
25 vectors are typically repticabie m inc iiu. b 

,i n\'A Commonly, expression vectors will contain 
pnrl of the host chromosomal DNA. Lommo. >, . 

r„, n- n^Tvein to permit detection of those cells 
selection markers, e_e,, tetracycline o. n_„.,,„m, to p r ^ , • , • 

on 11 <s Patent 4 704 362, which is 
transformed with the desired DNA sequencer, .see, ifi, U-S- Patent 4,. , 

incorporated herein by reference). 
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In addition to eukaryotic microorganisms such as yeast, mammalian tissue 
cell culture may also be used to produce the polypeptides of the present invention fsee . 
Winnacker, "From Genes to Clones/' VCH Publishers, AU, N.Y. (1987), which is 
incorporated herein by reference). Eukaryotic cells are actually preferred, because a 
5 number of suitable host cell lines capable of secreting intact immunoglobulins have been 
developed in the art, and include the CHO cell lines, various COS cell lines, HeLa cells, 
myeloma cell lines, etc, but preferably transformed Bcells or hybridomas. Expression 
vectors for these cells can include expression control sequences, such as an origin of 
replication, a promoter, an enhancer (Queen et al. (19S6) Immunol. Rev. 89: 49), and 

10 necessary processing information sites, such as ribosome binding sites, RNA splice sites, 
polyadcnylation sites, and transcriptional terminator sequences. Preferred expression 
control sequences are promoters derived from immunoglobulin genes, cytomegalovirus, 
SV40, Adenovirus, Bovine Papilloma Virus, and the like. 

Eukaryotic DNA transcription can be increased by inserting an enhancer 

15 sequence into the vector. Enhancers are cis-acting sequences of between 10 to 300 bp 
that increase transcription by a promoter. Enhancers can effectively increase transcrip- 
tion when cither 51 or 3 1 to the transcription unit. They are also effective if located 
within an intron or within the coding sequence itself Typically, viral enhancers are used, 
including SV40 enhancers, cytomegalovirus enhancers,, polyoma enhancers, and 

20 adenovirus enhancers. Enhancer sequences from mammalian systems are also commonly 
used, such as the mouse immunoglobulin heavy chain enhancer. 

Mammalian expression vector systems will also typically include a selectable 
marker gene. Examples of suitable markers include, the dihydrofolate reductase gene 
(DHFR), the thymidine kinase gene (TK), or prokaryotic genes conferring drug 

25 resistance. The first two marker genes prefer the use of mutant cell lines that lack the 
ability to grow without the addition of thymidine to the growth medium. Transformed 
cells can then be identified by their ability to grow on non-supplemented media. 
Examples of prokaryotic drug resistance ger.es useful as markers include genes 
conferring resistance to G418 : mycophenolic acid and hygromycin. 
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The vectors containing the DN A segments of interest can be transferred into 
the host cell by well-known methods, depending on the type of cellular host. For 
example, calcium chloride transfection is commonly utilized for prokaryotic cells, 
whereas calcium phosphate treatment, lipofection, or electroporation may be used for 
o.her cellular hosts. Other methods used to transform mammalian cells include the use 
of Polybrcne, protoplast fusion, liposomes, electroporation, and micro-injection [see. 

generally , Sambrook et al., supra). 

Once expressed, the antibodies, individual mutated immunoglobulin chains, 
mutated antibody fragments, and other immunoglobulin polypeptides of the invention 
can be punned according «o standard procedures of the art. including ammonium sulfate 
precipitation, fraction column chromatography, gel electrophoresis and the like (see, 
penerallv, Scopes, R., Protein Purification, Springer-Vcrlag. N.Y. ( 1 982)). once purified, 
partially or to homogeneity as desired, the polypeptides may then be used therapeutically 
or in developing and performing assay procedures, immunofluorescent stainings, and the 
r n^llv irnmunoloeical Meth ods. Vols. 1 and II, Eds. LefWs and Perms, 
Academic Press. New York, N.Y. (1 979 and 1 9S 1 )). 

The antibodies generated by the method of the present invention can be used 
for diagnosis and therapy. By way of illustration and not limitation, they can be used to 
treat cancer, autoimmune diseases, or viral infections. For treatment of cancer, the 
, antibodies will typically bind to an antigen expressed preferentially on cancer cells, such 
as erbB-2. CEA, CD33. and many other antigens and binding members well known to 
those skilled in the art. 

Yrnst Two-Hvbrid Screening A ssays 

Shuffling can also be used to recombinatorially diversify a pool of selected 
5 library members obtained by screening a two-hybrid screening system to identify library 
members which bind a predetermined polypeptide sequence. The selected library 
members are pooled and shuffled by in vitro and/or in vivo recombination. The shuffled 
pool can then be screened in a yeast two hybrid system to select library members which 
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bind said predetermined polypeptide sequence (e. g., and SH2 domain) or which bind an 
alternate predetermined polypeptide sequence (e.g.. an SH2 domain from another protein 
species). 

An approach to identifying polypeptide sequences which bind to a 
5 predetermined polypeptide sequence has been to use a so-called "two-hybrid" system 
wherein the predetermined polypeptide sequence is present in a fusion protein (Chien et 
al. (1991) Proc. Natl. Acad. Sci. (USA) 88: 9578). This approach identifies 
protein-protein interactions in vivo through reconstitution of a transcriptional activator 
(Fields S and Song 0 (1989) Nature 340: 245), the yeast Gal4 transcription protein. 
10 Typically, the method is based on the properties of the yeast Ga!4 protein, which consists 
of separable domains responsible for DNA-binding and transcriptional activation. 
Polynucleotides encoding two hybrid proteins, one consisting of the yeast Gal4 
DNA-binding domain fused to a polypeptide sequence of a known protein and the other 
consisting of the Gal4 activation domain fused to a polypeptide sequence of a second' 
15 protein, arc constructed and introduced into a yeast host cell. Intermolecular binding 
between the two fusion proteins reconstitutes the Gal4 DNA-binding domain with the 
Gal4 activation domain, which leads to the transcriptional activation of a reporter gene 
(e.g., leez, 1IIS3) which is opcrably linked to a Gai4 binding site. Typically, the 
two-hybrid method is used to identify novel polypeptide sequences which interact with 
20 a known protein (Silver SC and Hunt S W ( 1 993) Mol. Biol. Rep. 17: 1 55; Durfec et al. 
(1993) Genes Devel. 7; 555; Yang et ai. (1992) Science 257: 680; Luban ct al. (1993) 
Cell 73: 1067; Hardy eta3(1992) Ge nes Devel. 6; 801; Banc! ct al. (1993) Biotechniques 
14: 920; and Vojtek et al. (1993) Cell 74: 205). However, variations of the two-hybrid 
method have been used to identify mutations of a known protein that affect its binding 
25 to a second known protein (Li B and Fields S (1993) FASEB J. 7: 957; Lalo et al. 
(1993) Proc. Natl. Acad. Sci. fUSA^ 90: 5524; Jackson et a!Q 993) Mol. Cell. Biol. 
H; 2S99; and Madura et al. (1993) J. Biol- Chcm. 268: 12046). Two-hybrid systems 
have also been used to identify interacting structural domains of two known proteins 
(BardwclLct al. (1993) med. Microbial . S: 1177; Chakrabarty ct al. (1992) J. Biol. 
30 Chern. 267: 17498; Staudinger et al. (1 993) J. Bio!. Chem. 268: 4608; and Milne GT. 
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and Weaver DT ( 1 993) Genes Devel. 7; 1 755) or domains responsible for oligomeriza- 
tion of a single protein (Iwabuchi et al. (1993) Oncoj-eneJL 1693; Dogerd et al. (1 993) 
j vi ro i 67: 5030). Variations of two-hybrid systems have been used to study the in vivo 
activity of a proteose enzyme (Dasmahapatra et al. (1992) Proc. Natl. Acad. . Sck 

5 (USA) 89- 4159). Alternatively, an E. coli/BCCP interactive screening system (Germ.no 
et al. (1993) ^ Na,l. Acad. Sci . flJ.S.A.) 90: 933; Guarente L (1 993) ?rocJ^L^ 
Sci (U S A.) 90: 1 639) can be used to identify interacting protein sequences (i.e.. protein 
sequences which heterodimerize or form higher order heteromultimers). Sequences 
selected by a two-hybrid system can be pooled and shuffled and introduced .nto a 

10 two-hybrid svstem for one or more subsequent rounds of screening to identify 
polypeptide sequences which bind to the hybrid containing the prcdetermmed binding 
sequence. The sequences thus identified car. be compared to identify consensus 
scquence(s) and consensus sequence kcmals. 

In general, standard techniques of combination DNA technology axe 

,, • . „ 0 -. e' al 1989, Molecular Cloning: A 

15 described in various publication*, e.g. i»a ^ » 

i r„w Snrim- Hano' L-'-.o'2tor%-; Ausubel ct al., 1987, Current 
Laboratory' Manual, Cold Spring i-iar.o. l.— v..-.*j , , 

Protocols in Molecular Biology, vols. 1 a,d 2 :,, supplements, and Berger and Kimmcl, 
^^hodsir^r^^ CbmngJe^Mlcmes (1 987). 

Academic Press. Inc.. San Diego, CA. each of which is incorporated herein in their 

n , ^^.:a, „,4:-,.; n . enzymes were used according to the 
20 entirely bv reference. Polynucseo-.c-. ...,^!..-m b en/.vm... 

manufacturers recommendations. Oli^ucleotides were synthesized on an Applied 
Dinsvsrms In:. Model 394 DNA syn-.hssizer using AB1 chemicals. If desired, PCR 
ampl'imers for amplifying a predetermined DNA sequence may be selected at the 
discretion of the practitioner. 
25 The following non-limiting examples are provided to illustrate the present 

invention. 
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Example 1 

feneration of Random Size Polynucleotides Usi ng U.V. Induced Photoproducts 

One microgram samples of template DNA are obtained and treated with U.V. 
light to cause the formation of dimers, including TT dimers, particularly purine dimers. 
5 U.V. exposure is limited so that only a few photoproducts are generated per gene on the 
template DNA sample. Multiple samples are treated with U.V. light for varying periods 
of time to obtain template DNA samples with varying numbers of dimers from U.V. 
exposure. 

A random priming kit which utilizes a non-proofreading polymerase (for 
10 example, Prime-It II Random Primer Labeling kit by Stratagene Cloning Systems) is 
utilized to generate different size polynucleotides by priming at random sites on 
templates which are prepared by U.V. light (as described above) and extending along the 
templates. The priming protocols such as described in the Prime-It II Random Primer 
Labeling kit may be utilized to extend the primers. The dimers formed by U.V. exposure 
15 serve as a roadblock for the extension by the non-proofreading polymerase. Thus, a pool 
of random size polynucleotides is present after extension with the random primers is 
finished. 

Example 2 

Isolation of Random Size Polynucl eotides 
20 Polynucleotides of interest which are generated according to Example 1 arc 

are gel isolated on a 1 .5% agarose gel. Polynucleotides in the 1 00-300 bp range are cut 
out of the gel and 3 volumes of 6 M Nal is added to the gel slice. The mixture is 
incubated at 50 °C for 10 minutes and 10 ul of glass milk (Bio 101) is added. The 
mixture is spun for 1 minute and the supernatant is decanted. The pellet is washed with 
25 500 ul of Column Wash (Column Wash is 50% cthanoK lOmM Tris-HCl pH 7.5, 100 
mM NaCl and 2.5 mM EDTA) and spin for 1 minute, after which the supernatant is 
decanted. The washing, spinning and decanting steps are then repeated. The glass milk 
pellet is resuspended in 20ul of H 2 0 and spun for 1 minute. DNA remains in the aqueous 
phase. 
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Example 3 



jHiiii -\r^^"""""" at " ,da 

Tte ,00-300 bp pobm.cl~.ifc obtained ,n Sample 2 are recombned ,„ an 
M ,i„ B mi »re (0. mM eacb dNTP, 2, mM M S C,,. 50 mM KC, 10 mM Tn,HC 
5 ph O, 0,% Tri.on X,00, 0, p; Ta, DNA P o„™asc. 5 0 ,1 ,o, vo.ome, 

dd ,„ 6 primers. A ***** » ^ '" ^ T ''I 8 *" 

™- 95 'C for 30 seconds, 25-50 cycles of (95 'C for 30 seconds, 50 - 

C Z"e i :-300b P po 1 >™c,eo ti descor n bi„e,o y ,=,ddoob,e.s,randed P o lynU ceo 

p oK™c,e„,,des and denary ,em ,o form si* s.randed po.^Ce „d , ^ 
s o pi io„a„ y a E a,„ repea.cd w,,h some samples -ilizin, *= as ^ 



strands. 



, , * n-" F^mol" • are separated and polypeptides are 
The polynucleotides Oi kxampu - 

■ ■ , • .„ nv\ kutil,7ed as a comparative control by 
expressed therefrom. The original template DNA .s ui.l.^d P 

1 . , , Th- Dol'-T.epiides obtained from the 

obtaining comparative polypeptides thereon. Tr. pol. ,.p 

" ' , nfCx , n ^ 3 . --screened for ihe activity of the polypeptides 
20 shuffled polynucleotides o. " ^ ofthe contro l. 

i, _.],,„ -,nri romoarea with the acti\u> iovt_i:> 
obtained from the original template arid compa.. _ 

shuffled polvnucleotides coding for interesting polypeptides discovered during 

screed arc compared further for secondary desirable traits. Some shuffled po^ 

tides co.espond.ng to less interest^ screened polypeptide, are sheeted to reshuffling. 

As can be appreciated from the above description, the present invention has 

■ <■ v ,"„n, Va^uons without deling from the scope and intention 
a wide variety of applications. Van-tioru v>u- . 

• ■ -'U h- readily z^r to one of ordinary skill upon reviewing 
of Ihc-present invention will be reaoii) a K p 
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the above. Such variations are expected to be within the ordinary skill of the average 
practitioner and are encompassed by the present invention. 
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WHAT IS CLAIMED IS: 



1 A method for producing mutant polynucleotides comprising: 

producing polynucleotides by blocking or interrupting a polynucleotide 
synthesis or amplification process with a member selected from the group consisting of 

5 UV light, one or more DNA adduces, DNA intercalating agents. DNA binding proteins, 
triple helix forming agents, competing transcription polymerase, chain terminators, and 
polymerase inhibitors or poisons, said member being capable of blocking or interrupting 
synthesis or amplification of a polynucleotide to provide a plurality of polynucleotides 
due to said polynucleotides being in various stages of synthesis or amplification, and 

10 subjecting said polynucleotides to an amplification procedure to amplify one 

or more of the polynucleotide or polynucleotides. 

A process for producing mutar.'. polynucleotides by a series of steps 

comprising: 

(a) producing oligonucleotides by blocking or interrupting a polynucleotide 
15 synthesis or amplification process with at least one member selected from the group 
consisting of UV light, one or more DNA adducts, DNA intercalating agent,, chain 
terminator,, and/or polymerase inhibitors or poisons, wherein said member is capable of 
bicckina or interrupting polynucleotide synthesis or amplification and provide a plurality 
of polynucleotides due to their being in various stages of synthesis of amplification. 
20 (b) denatunng the resulting single or double stranded oligonucleotides to 

produce a mixture of single-stranded polynucleotides, optionally separating the 
polynucleotides into polls of polynucleotides having various lengths, and futher 
optionally subjecting said polynucleotides to a priming and amplification procedure to 
amplify one or more oligonucleotides comprised by at least one of the polynucleotide 
25 pools; 

(c) incubating a plurality of said polynucleotides or at least one pool of 
said polynucleotides with a polymerase under conditions which result in annealing of 
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said single-stranded polynucleotides at regions of identity between the single-stranded 
polynucleotides and formation of mutagenized double stranded polynucleotide chian; 

(d) repeating steps (c) and (d); 

(e) expressing at least one mutant polypeptide from said polynucleotide chain, 
5 or chains; and 

(0 screening said at least one mutant polypeptide for a useful activity. 

3. A process according to claim 2, wherein said adduct is member selected from 

the group consisting of: UV light; (+}-CC-I065; (+)-CC- 1 065-(N3-Adenine); a N- 
acelylated or deacetylated 4-fluro-4-aminobiphenyl adduct capable of inhibiting DNA- 
10 synthesis, or a N-acetylated or deacetylated 4-aminobiphenyl adduct capable of 
inhibiting DNA synthesis; trivalent chromium; a trivaJcnt chromium salt; a polycyclic 
aromatic hydrocarbon ("PAH") DNA adduct capable of inhibiting DNA replication; 7- 
bromomethyl-benz[a]anthraccnc ("BMA"); tris:2,3-dibromopropyl)phosphate ("Tris- 
BP"); ],2-dibromo-3-chIoropropane( M DBCP"); 2-brcmoacrolein (2BA); benzo[a]pyrene- 
15 7,8-dihydrodiol-9-10-cpoxidc ("BPDE"); a p!a:ir.um(n) halogen salt; N-hydroxy-2- 
amino-3-methylimidazo[4,5-y]-quinoline; N-hydroxy-2-amino- 1 -methyl -6- 
phcnylimidazo[4 ( 5-/]-pyridinc f DNA intercalating agents, DNA binding proteins, triple 
helix forming agents, competing transcription polymerases, chain terminators, and 
polymerase inhibitors or poisons. 

20 4 - A process according to claim 2, wherein said DNA adduct is a member 

selected from the group consisting of UV light, (+)-CC-]065 and (+)-CC-1065-(N3- 
Adenine). 

5. A process according to claim 4, farther comprising heating said polynucleo- 

tides and removing the DNA adduct, or adducts :":c;:i said polynucleotide or polynucleo- 
25 tide pools. 
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6. A method for expressing a polypeptide comprising producing a polynucleo- 
tide according to claim 2 and comprising the further steps of clonmg said polynucleotide 
into a vector or an expression vehicle and expressing said polypeptide. 

7. A vector or an expression vehicle including a polynucleotide produced 

5 according to claim 2. 

8 . A polypeptide comprising at least one sequence segment expressed from a 
polynucleotide produced by the method according to claim 2. 
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